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4) Convenient cloth carrying pouch with instruction tag. 


Inflatable cuff, 3’ wide, covered with dirt-resistant, 
easily cleaned, woven fabric. 


eo Cloth strap, 23’ long, for wrapping cuff and itself 
around limb. 


4) Metal fastener with three teeth to hold strap in position 
under pressure. 


6 Metal fastener of strap to cuff. 
6 Pressure release valve. 


© OFf-On button. 


€ Body of instrument containing regulator mechanism. 
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ENTIRELY AUTOMATIC The cuff is wrapped around the 
leg or arm close to the wound and between the wound 
and the heart. A twist of the cartridge container releases 
the gas pressure, inflates the cuff and exerts a uniform 
squeeze at the correct pressure to instantly stop the flow 
of blood. No probing for pressure points is necessary. 
A constant, uniform pressure is maintained until re- 
leased by depressing the off-on control button. 
UNIFORM, CONSTANT PRESSURE Variation in pressure 
caused by changes in altitude, temperature, or by flexing 
a muscle is controlled automatically by the mechanism. 
The mechanism similarly compensates for the bulk when 
the cuff is applied over clothing. The pressure is ade- 
quate to stop the flow of blood without injury to cell 
tissues if not maintained for too long a period of time. 
PUSH BUTTON CONTROL If there is a long interval be- 
tween application and professional care, the pressure 
may be released and reapplied by pressing and then re- 
leasing the off-on control button. 


Cartridge container. 
® Standard CO2 gas cartridge. 
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representing a nucleus of modern broad-spectrum activity 


streptococci, staphylococci and other gram-positive 
and gram-negative pathogens 


unexcelled tolerance 
outstanding stability and solubility 
quickly reaches and maintains high therapeutic levels 


may often be used successfully in patients in 
whom resistance or sensitivity to other forms of 


antibiotic therapy has developed @ 
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true broad-spectrum action against pneumococci, 


(afebrile in hours) 


‘Symptoms, including fever, largely 
cleared up within 24 to 48 hours.”* 


HYDROCHLORIDE 


brand of tetracycline hydrochloride 


TETRACYN TABLETS (sugar coated) 
250 mg., 100 mg., 50 mg. 
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4 *English, A.R., et al.: 


Antibiotics Annual (1953-1954), New York, 
Ze Medical Encyclopedia, inc., 1953, p. 70. 
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DEPOSITION OF WIND-BORNE PARTICLES ON HUMAN SKIN 


GABRIELLE ASSET, M.A. 
AND 


DORIS PURY, B.S. 
ARMY CHEMICAL CENTER, MD. 


ERSONS working downwind from a source of smoke or from a spray may 

accumulate a deposit of the material on the skin. It is the purpose of this report 
to present data which indicate under what conditions and to what extent wind-borne 
particles are deposited on human skin. To obtain these data, arms of normal male 
subjects were exposed to an aerosol in a wind tunnel. 

Studies have been reported on the deposition of wind-borne particles on smooth 
surfaces of objects which were large relative to the size of the particles. The chief 
mechanism involved was impaction, whereby the particles were deposited by virtue 
of their inertia, Albrecht,' Sell,? Glauert,’ Langmuir and Blodgett, Landahl and 
Herrmann,’ and Ranz and Wong ° have considered on theoretical grounds inertial 


impaction on objects of various shapes, assuming the air stream to flow as an ideal 
fluid ; Davies * has also considered flow at small Reynolds number in which viscosity 


is important. From their calculations, predictions can be made for cases which fit 
the premises of the theory. They found the critical conditions under which inertial 
impaction does or does not take place and how much deposition to expect under 
various physical conditions. Landahl and Herrmann ° and Ranz and Wong ° studied 
experimentally the deposition of particles on fine wires. The results indicated less 
deposition than predicted by theory for ideal fluids. Landahl and Herrmann’s * 
results, moreover, indicated a deposition under theoretically adverse conditions. The 
authors explained this phenomenon by another mechanism, namely, interception. In 
interception, the particles are deposited on the surfaces of the object which is grazed 
as they pass by. Landahl * made 10 exposures of the forearms of four male subjects 
to nonhomogeneous aerosols of dibutyl phthalate of MMD of &, 4.5, and 2.0 » in a 
wind tunnel with a wind velocity of 5.5 mph. (MMD, or mass median diameter, 
is the size below which 50% of the mass of the particles is concentrated.) The 
deposition on arms was greater than on brass and celluloid cylinders which were 
exposed as controls. Thus, Landahl’s study indicated that theoretical and experi- 
mental results of exposures of smooth surfaces are not directly applicable to complex 
surfaces like those of human forearms. 

The nomenclature which has been introduced by various authors in the literature 
on deposition is employed in our study in order that results obtained by various 
investigators and under various physical conditions may be compared. It has been 
shown that two parameters are sufficient and necessary to describe inertial impac- 
tion: the impaction parameter, A, and efficiency, /, both of which are dimensionless 
ratios. 


From Aerosol Branch, Chemical Corps Medical Laboratories 
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The impaction parameter, K, relates physical factors which affect inertial impaction. It is 
defined mathematically by the following equation : 
K=Zpd?V/uD 

where Z is a constant depending upon the flow around the particle (Z = 1/18 for flows in 
which Stokes’s Law applies); p is the density of the particle; d is the diameter of the particle; 
V’ is the velocity of air in the undisturbed region upwind to the object; # is the viscosity of 
air, and 1) is the diameter of the object. The efficiency of impaction, E, relates the mass of 
particles which strike an object and that of those which are moving toward it. The precise 
mathematical definition of E, the efficiency, is E = m/A, where m is the total mass of aerosol 
deposited on a projected unit area of the object during exposure and 4, the area dose, is the 
total mass of aerosol which passes during exposure through a unit area whose plane is normal 
to the direction of flow 

A physical picture of deposition by inertial impaction may be obtained from the 
following considerations. Only a fraction of the particles carried toward the object 
reach it, since the lighter and slower ones follow the air flow around the object and 
only the heavier and faster ones deposit out. Figure 1, for example, shows the cross 


Fig. 1.—Efficiency of deposition of aerosol. 


section of a cylindrical object, with diameter DD’ exposed to an aerosol carried 
toward it in the direction of the arrows by a wind. The trajectories of the particles, 
drawn in fine solid lines, show that all the particles between A and 4’ are moving 
directly toward the cylinder but only those between B and B’ reach it. An under- 
standing of the efficiency of deposition may be obtained if Figure 1 is imagined to 
be projected in the third dimension into the page for a distance b, the length of the 
cylinder. Then AA’ becomes the side of a rectangle in the flow field, which is 44’ 
in height and > in width and whose plane is at right angles to the direction of flow, 
and DL)’ and b are the sides of the projected area of the exposed surface of. the 
cylinder. The area dose is defined as the total mass of aerosol which passes through 
the area 4A4’b during an exposure, and the deposit is the total mass of aerosol 
deposited during exposure on the windward surface of the object whose projected 
area is DD'b,. Experimentally it is more convenient to use reference areas of 1 sq. 
cm. instead of AA’b or DD'b; therefore, the area dose, 4, is defined in this study 
as the aerosol which passes through an area of 1 sq. cm. at right angles to the 
direction of flow, and the deposit m as the deposit on 1 sq. cm. of the projected 
surface of the object. 

It has been found theoretically and experimentally that for an object of a given 
shape E, the efficiency, is a function of A, the impaction parameter, and increases 
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with it. However, there is a value of K below which inertial impaction does not take 
place if the particles are very small relative to the size of the object. This critical 
value, K., has been computed by Taylor® and has been found to be 0.0625 for a 
cylindrical object with ideal fluid flow. 


METHODS AND PROCEDURES 


A wind tunnel was used for exposures. It was 22 ft. (6.7 m.) long, with a work- 
ing section 6 ft. (1.8 m.) long and 1 ft. (0.3 m.) square, ports 3 to 5 in. (7.6 to 
12.7 cm.) in diameter were provided in the sides of the working section 2 it. 
(0.6 m.) downstream to the converging section of the tunnel. The over-all design 
was such as to produce uniform velocity over the area where the exposures were 
made and to reduce turbulence to a low intensity or, in other words, to obtain as 
nearly as possible ideal fluid flow. In fact, measurements made with a sensitive 
inclined alcohol manometer attached to a fine total head tube showed that the range 
of velodity at 5 mph was less than 0.5%. The uniform velocity, parallel in direction 
to the length of the tunnel, simulated a condition wherein the particles are borne by 
a constant wind horizontally to an object from a distant source. 


The aerosol used was triphenyl phosphate. It was chosen for several reasons: 
Its density (1.2 gm. per cubic centimeter) is the same as that of many other organic 
materials ; it is readily dispersed as a smoke consisting of spherical particles, and it 
can be analyzed with relative ease. 

Two Sinclair-LaMer generators '° were used as a source of smoke. After passing 
through the chimney of the generator, the smoke entered the tunnel by means of a 
manifold in the shape of a hollow grid, which was just downstream from the entry 
cone of the tunnel. The grid had nine holes, 114 in. (3.7 cm.) apart, through which 
the smoke was drawn by the difference of pressure between the generator outlet and 
the moving air of the tunnel. 

Before each exposure, particle size was measured in the working section by 
means of a Casella cascade impactor. The MMI) remained the same for each 
exposure, but the value of the size below which 95% of the mass was concentrated 
fluctuated. In this study, only the MMD is reported and is used in computations 
involving particle size, because this quantity is quickly determined with the cascade 
impactor. However, since the impaction parameter AK is proportional to d?, it would 
have been better to record the mean square diameter rather than the MMD. <Actu- 
ally, a heterogeneous particle size was obtained in all the exposures. In the aerosol 
consisting of the smaller particles, all the material was deposited on thie last stage 
of the impactor representing a MMD of 1.3 », with 95% of the mass below 2.6 u. 
The MMD of the aerosol consisting of the larger particles was 6.5 », with 95% 
below sizes which varied between 12 and 17 », depending on the conditions of the 
exposure, 


Concentrations were determined by means of streamlined samplers placed about 
2 to 3 in. (5 to 7.6 cm.) above the objects tested so that the plane of sampling was 
the same as the plane of exposure. The sampler was operated isokinetically during 
the entire exposure. The purpose of isokinetic sampling was primarily to obtain the 
area dose by dividing the amount of the triphenyl phosphate collected on the filter 
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by its area. In order that this calculation may have physical validity, the flow lines 
at the sampler must remain undisturbed ; isokinetic sampling insures this condition. 

Wind velocity was measured by means of a Hastings Precision Air Meter, the 
probe of which was placed in the center of the tunnel, with no other object present. 
This. velocity was equivalent to the reference velocity postulated in the theory, 
namely, the velocity of the undisturbed flow upwind to the object at a distance of 
3 to 6 diameters. 

The chemical analysis of triphenyl phosphate was made by means of a colori- 
metric method developed by Conaway "! in which the intensity of color was read on 
a Klett-Summerson Colorimeter. The sensitivity of the alcohol solutions of triphenyl 
phosphate, obtained by soaking the filters, was approximately 3 mmg. per scale 
division. Since two standard deviations (s.d.) computed from over 100 alcohol 
blank readings were three scale divisions, determinations of less than three scale 
divisions were considered not significantly different from the alcohol blank values. 
Therefore such results were reported as 0.00. 

Exposures were made on the forearms of nine different male subjects in the 
wind tunnel at various wind speeds and times of exposure. The arms were placed 
in the tunnel so that the flat parts faced toward the wind, with the radial side up 
and the ulnar side down. In most runs, the hairy extensor surface faced upwind, 
but in a few runs the hairless side was exposed to the wind. For purposes of com- 
parison, a glass cylinder of 7.5 cm. diameter, approximately the same size as a 
human arm, was also exposed to exemplify a rigid smooth surface and a shape 
prescribed by the postulates of the theory. Recovery of the deposited aerosol was 
made by washing an area of 10 sq. cm. which had been near the axis of the tunnel 
during exposure. For this step a special glass receptacle of an inside area of 10 
sq. em. was pressed against the skin of the forearm to receive 25 ml. of ethyl alcohol 
used for washing. .\ spout on the side permitted the wash to flow into a volumetric 
flask. 

The efficiency of the method of recovery of triphenyl phosphate was found to be 
100% + 8 (1s. d.) for 30 determinations on the arms of six subjects and 98% + 5 
(1 s.d.) for 10 determinations on glass. To determine the efficiency, preweighed 
amounts of ground triphenyl phosphate (MMD approximately 40 ») were put on 
the arms or on the glass, left for 20 minutes (representing time of exposure), and 
then washed off with the aid of the receptacle. 


The following exposures were made : 


1. The glass cylinder was exposed to aerosols of MMD 6.5 # at 2 mph and 5 mph for 20 
minutes. In both cases K was less than Ke. 


2. The hairy extensor side of the forearm of one subject was exposed to an aerosol of 


MMD 6.5 « at 5 mph for 10, 15, and 30 minutes. A was less than Ke. 


3. The hairless flexor side of the forearm of one subject was exposed to an aerosol of MMD 
6.5 # at 5 mph for 15 minutes. 

4. The hairy sides of the forearms of seven subjects were exposed under several physical 
conditions for 20 minutes: MMD 1.3 # at 5 mph; MMD 6.5 « at 2 mph, and MMD 6.5 
# at 5 mph. 


5. Both sides were washed off after exposures of 15 minutes in Exposures 2 and 3 to 
study deposition on the downstream side of the arm. 
6. A number of exposures with no aerosol in the wind tunnel were made as controls. 
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The calculations used in obtaining results in this study are summarized below : 


A=M/a 
E= m/A 
K = pd? 1/18 uD 


The nomenclature is as follows: 


a = area of filter paper used to collect the aerosol 

d = diameter of particle 

m = weight of aerosol collected on projected unit area of the object 
a = viscosity of air 

p = density of particle 

A = area dose 

D = diameter of glass cylinder or arm 

E = efficiency of deposition 

K = impaction parameter 

M = weight of aerosol collected on filter paper of sampler during exposure 
V = velocity of wind 


TasBLe 1.—Efficiency of Deposition on Upwind Side of Glass Cylinder 


Area Dose, Deposit per Unit Area, Efficiency, 
Mme./Cm? Mmeg./Cm.? % 
(a) K = 18 X 10-8 Velocity = 2 mph * MMD- 
576 None detected 0.00 
None detected 0.00 
446 None detected 0.00 


Run, No. 


(b) K = 46 x 10°3 Velocity = 5 mph MMD 


None detected 0.00 


None detected 0.00 
None detected 0.00 


7 


None deteeted 0.00 
None detected 0.00 
None detected 0.00 
None detected 0.00 


None detected 0.00 


= 


None detected 0.00 


(c) Controls Velocity 2mph 


10-15 


16-26 


None detected 


(d) Controls 
None detected 


None detected 


Velocity 
None detected 


Smph 


* 1 mph = 44.7 em./see. 
RESULTS 
Deposition on Glass.—Table 1 shows the deposition efficiency of triphenyl phos- 
phate aerosol on the glass cylinder for K = 1.8 « 10° and K = 4.6 * 10°. These 
values of AK are both less than the critical value which is 0.0625. 
exposure in all runs was 20 minutes. 


The time of 


It is evident from Table 1 that no deposition was found on the glass cylinder 
for K = 1.8 & 10° or K = 4.6 & 10° at all area doses investigated. 

Deposition on Hairy Surface of Forearm.—\n Table 2 are presented the effi- 
ciencies of deposition on the forearm of one subject at various area doses. The hairy 
surface was facing upwind, and the dose was varied by increasing the exposure 
time. 
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It is evident from Table 2 that there was a significant deposit on the hairy 
surface of the forearm exposed upwind to the aerosol of MMD 6.5 » in a wind of 
5 mph. It is also evident that there were no statistically significant differences in 
the efficiency averages. These results concur with the theory according to which 


TABLE 2.—Effect of Arca Dose on Efficiency of Deposition on Hairy Surface of 
Forearm Facing U pwind 


K =46 x 10-8 Wind Velocity = 5 mph MMD = 6.54 
Area Dose, Deposit, Efficiency, Time of 
Run, No. Ming ./Cm.2 Mme./Cm.? % Exposure, Min. 

0.00 None detected 0.00 
0.00 None detected 0.00 
443 26 0.59 
472 11 0.23 

0.93 

0.57 


Av. = 0.58 + 0.23 
0.43 
0.60 
0.66 


Av. = 0.54 + 0.10 


Av. = 0.64 + 0.27 


TABLE 3.—Effect of Hair on Efficiency of Deposition on Forearm Faci 


Upwind 
K = 4.6 X 10-8 Wind Velocity = 5 mph MMD =654 


Deposit per 
Area Dose, Unit Area, Efficiency, 
Run, No. Mmg./Cm.2 Mmeg./Cm.2 % 
(a) Hairless Surface 
940 


None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
Av. = 0.07 + 0.14 
Hairy Surface 


Av. = 063 + 0.14 


per cent efficiency is a function of K and not of area dose. Hence, in further tabula- 
tions the efficiencies of all area doses for a single value of K will be averaged. 

Deposition on Hairless Surface of Forearm.—The efficiencies of deposition on 
the hairless flexor side of the forearm of one subject are shown in Table 3, For 
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“3 
pe 
q 
q 
= 10 701 3.0 15 
a 11 720 4.3 15 
me. 12 740 49 15 
= 
Bas 13 1,140 3.8 0.33 30 
ee 4 1,190 11.3 0.95 20 
a 15 1,260 10.0 0.86 30 
A 16 1,470 6.0 0.41 30 
a 2 853 3.2 0.37 
3 3 810 26 0.38 
4 6965 
q 5 690 
6 661 
7 650 
8 640 
x 9 534 
10 466 
(b) 
11 815 3.1 0.38 
s 12 740 4.0 0.66 
ao 13 720 4.3 0.60 
ea 4 701 3.0 0.43 
16 609 4.9 0.80 
16 323 2.3 0.72 
a 17 282 2.2 0.78 
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comparison, results obtained on the hairy surface of the arm of the same subject 
under the same conditions are also shown. In each case the surface under study 
faced upwind, the time of exposure was 15 minutes, and K = 4.6 & 10° (MMD 
6.5 », 5 mph). 

The deposit on the hairless surface of the forearm was significantly less than 
that on the hairy surface. Deposition on the hairless surface occurred at higher 


TABLE 4.—Effects of Particle Size and Wind Velocity on Efficiency of Deposition 
on Hairy Surface of Forearm Facing Upwind 


Area Dose, Deposit, Efficiency, 
Subject Mmg./Cm.? Mmeg./Cm.? % 
(a) MMD= 1.34 Wind Velocity = 5 mph K = 0.18 X 10-3 
872 None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
None detected 
None detected 


AV.= 
(b) MMD= 654 Wind Velocity = 2 mph K 1.8 xX 10-3 
cP 752 14 
CL 733 None detected 
IML None detected 
JEL 2.1 
SM 592 1.6 
CL 5 None detected 
JML 576 None detected 
JEL i None detected 
LL None detected 
JML § 2.4 
cL 1.5 
Av. = 0.17 = 0.22 
(co) MMD= 654 Wind Velocity = 5 mph K = 46 x 1lo-# 
911 1.20 
875 0.6 1.10 
0.39 
0.51 
0.04 
0.65 
0.538 
0.90 0.15 
(d) Controls Wind Velocity = 5 mph 
10 subjects 0.00 None detected 0.00 


(e) Controls Wind Velocity = 2 mph 
7 subjects 0.00 None detected 


concentrations (Runs 1, 2, and 3) but was not detectable at the lower (Runs 4 to 
10). The minimum detectable amount of triphenyl phosphate on the arm was 
1.0 mmg. per square centimeter. 


Effects of Physical Factors——The effects of particle size and wind velocity on 
the efficiency of deposition are summarized in Table 4. The hairy surfaces of the 
forearms of nine subjects were exposed for a period of 20 minutes. The range of 
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area doses (910 to 230 mmg. per square centimeter) was approximately the same 
for each value of K. 


From Table 4 it is evident that the efficiency of deposition increases with particle 
size and with wind velocity. The increase of efficiency with A is shown in Figure 2. 
deposition on the downwind side of the forearm of one subject ; this side was exposed 
for periods of 15 minutes to particles of MMD 6.5 » at a wind velocity of 5 mph. 


Deposition on Downwind Side of Forearm.—Tatle 5 shows che efficiency of 


| 
t —— 5 10 20x y 194 20 100 200 500 


Fig. 2.—Deposition of aerosol on forearms. Abscissa: A, impaction parameter; ordinate : 
E, efficiency of deposition. White circles signify determination for one subject; black circles 
signify average of determinations for subjects exposed at a given K. 


TABLE 5.—Efficiency of Deposition on Downwind Side of Forearm 


K 46 
Hairy Surface Hairless Surface 


Area Dose, Efficiency, Area Dose, Efficiency, 
70 


Mmg./Cm.* Mmg./Cm.? 

og (a) Downwind Side 

0.00 0.00 0.00 

3 0.00 0.00 0.00 

0.00 820 

850 0.14 740 0.00 
700 0.18 720 0.00 
690 0.27 70 6.00 
650 ooo 0.00 
650 0.00 320 0.00 
640 0.00 
640 0.00 


Mo 0.00 


0.13 0.20 


(b) Upwind Side 


0.00 

0.00 
820 0.38 O11 
740 0.60 850 0.37 
720 0.60 S10 0.33 
700 0.43 0.00 
610 0.80 60 0.00 
820 0.72 640 0.00 


Av. = 0.63 + 0,14 Av. = 0.0 + 014 
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It is evident from Table 5 that the efficiency was less on the downwind side of 
the arm than on the upwind. On the hairy surface facing downwind the efficiency 
was 0.13% + 0.20, whereas facing upwind it was 0.63% + 0.14. The efficiencies of 
the hairless surface under the same conditions were 0.00% and 0.09% + 0.14, 
respectively. 

COMMENT 


The results of this study have variances which are of the same order of magnitude 
as the averages. These may be attributed to some of the variations in skin physiology 
of different subjects and to variations in physical conditions of exposures. Particle 
size was a factor which was not possible to keep constant for all exposures. Although 
the MMD remained the same, the size of the larger particles varied so that in some 


Fig. 3.—Impaction on cylinders. Abscissa: A, impaction parameter; ordinate; /:, efficiency 
of impaction. Path of white circles was calculated by Ranz and Wong, path of black circles by 
Landahl and Herrmann, and black-line trajectory by Langmuir and Blodgett. 


cases 95% of the mass was below 17 » and in others below 12 ». Since A increases 
with the mean square diameter of the particles, the aerosol with the heavier particles 
in its size-distribution deposits out more efficiently. As shown in Figure 3, the results 
of Landahl and Herrmann,® which were obtained from heterogeneous aerosols, show 
greater variances than do those of Ranz and Wong," which were obtained from 
homogeneous smokes. 

In some exposures, no deposit was detectable by our method, which determined 
reliably a minimal deposit of 1.00 mmg. per square centimeter of triphenyl phosphate 


on the arm. The possibility exists, therefore, that a more sensitive method or larger 


area doses would have indicated the presence of a deposit. [lowever, our studies do 
show that for a given range of doses aerosols are deposited out in significant amounts 
under some conditions and not under other conditions. 
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Figure 3 shows graphically the theoretical results of Langmuir and Blodgett * 
and the experimental ones of Landahl and Herrmann ° and Ranz and Wong.* There 
is general agreement in that E£, the efficiency, increases in an exponential manner 
with K, the impaction parameter, Our results with arms (Fig. 2), as well as those of 
Landahl,* follow the general trend. Landahl’s, however, indicate a greater efficiency 
than ours; the average efficiency of three exposures made by Landahl was 
1.9% + 0.2 at K = 3 10% (MMD 4.5 p, 5.5 mph), whereas the average of eight 
exposures made by us at K = 4.6 & 10% (MMD 6.5 », 5.0 mph) was 0.90% + 0.14. 
This difference was to be expected, since the aerosol of Landahl’s experiment con- 
tained larger particles, with a greater proportion at the large end of the size spec- 
trum, than did ours. The maximum diameter in the former was 70 p, with 20% 
of the mass above 10 », whereas in ours it was 20 p, with 7% of the mass above 
10 ». Both Landahl’s and our studies on arms show that deposition takes place at 
values of the impaction parameter less than the critical one (K, = 0.0625). 

The hair was the significant factor in causing deposition of aerosol on the fore- 
arm, Each hair may be thought of as a small collector of high efficiency. A hair of 
50 » in diameter exposed to an aerosol of 6.5 » at a wind speed of 5 mph has an 
impaction factor (K) of 7.0; from Figure 3 the efficiency would be 90%. The 
mechanism of interception also comes into play, since the diameter is only seven or 
eight times the size of the large particles in a wind-borne aerosol, thus increasing 
the over-all efficiency. The efficiency was less on the downwind side of the arm than 
on the upwind side under steady uniform flow relatively free of turbulence, such as 
was present in the tunnel. 

SUMMARY 

Experiments were carried out to study deposition of spherical organic particles 
carried to surfaces by horizontal winds of low velocities (2 and 5 mph). Objects 
presenting two types of surfaces, a glass cylinder and human forearms, were exposed 
to aerosols of low concentrations (1 to 5 mg. per cubic meter) and small particle 
sizes (MMD 1.3 and 6.5 »). Under these conditions, no deposition was detectable 
on glass, but significant amounts of triphenyl phosphate were found on the hairy 
surfaces of the forearms when facing the wind. The efficiency of deposition increased 
somewhat with wind velocity and markedly with particle size. Very little aerosol 
was deposited on the downwind side. This study indicates the possibility of con- 
tamination of human skin by wind-borne aerosols under conditions which preclude 
deposition on smooth surfaces. 


Assistance in making this study was rendered by Mrs. Stella Ryan, Mr. John Linetty, and 
Mr. George Heller of these laboratories. 
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SOME REACTIONS BETWEEN INERT DUSTS AND PROTEINS 


R. F. HOUNAM, B.Sc., A. Inst. P. 
WANTAGE, BERKS, ENGLAND 


T WAS suggested in an earlier paper ' that the colloidal properties of inert dusts, 

such as silica, were related to their ability to cause silicosis and pneumoconiosis. 
This suggestion was based on evidence obtained by titrating suspensions of various 
dusts against dye solutions. The flocculation by basic dyes of dusts which acquire 
a negative charge on suspension in water was illustrated, and instances were cited 
of the adsorption of acidic dyes by positively charged dusts. 

In the experiments reported in this paper, protein solutions have been substituted 
for the dye solutions, and the coagulation of dust suspensions by protein solutions 
has heen investigated. It was found that the stability of a suspension of a negatively 
charged dust was reduced by the addition of certain of the proteins used in these 
experiments ; the other proteins tried flocculated suspensions of positively charged 
dusts. Suspensions of mixtures of positive and negative dusts were coagulated by all 
the proteins tried so far. 

It seems possible that these direct reactions between dusts and proteins may 


be a link in the chain connecting the inhalation of dust with the onset of pneu- 
moconiosis. 


COAGULATION 


OF DUST 


SUSPENSIONS BY 


PROTEINS 


When a little of the basic dye methylene blue is added to an aqueous suspen- 
sion of silica dust, which acquires a negative charge on suspension in water, all the 
dye is adsorbed onto the dust particles, the stability of the suspension is lowered, 
and when the dust is allowed to settle the supernatant liquid appears colorless. As 
more dye is added, the stability of the suspension passes through a minimum, and 
this point seems to coincide with a residual faint coloring of the supernatant liquid 
by the dye. Addition of more dye results in improved stability and decided colora- 
tion of the suspending medium, Observations of the amount of dye which can be 
added to a known weight of dust so that the supernatant liquid becomes just tinted 
with dye provide a convenient measure of the adsorption of dye by the dust. 

Continual addition of gelatin to a suspension of silica powder results, first, in 
lowered stability and flocculation of the dust in suspension, followed by restabiliza- 
tion as excess of gelatin is added, but as gelatin is colorless, no color changes occur 
(Fig. 1). Thus silica may be said to react with gelatin, and it becomes of interest 
to measure the amount of protein giving the most unstable mixture with a given 
weight of dust. This minimum is much less definite than the color change observed 
with dyes, but at the same time the variations between different dusts are so great 
as to render such lack of precision acceptable, though undesirable. 

With the exception of the activated alumina, the dusts used for the present series 
of experiments were selected from those used previously.’ 
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The proteins tried seemed to fall into two groups. One group, of which gelatin 
seems typical, also included an extract of rat tail tendon collagen and blood cells 
hemolyzed after being washed free from plasma by repeated washing in isotonic 
saline. Skimmed milk is typical of the other group, which included a sample of 
blood serum and egg albumen. Additicn of proteins in this second group to sus- 


_ Fig. 1.—Photograph, taken after five minutes’ sedimentation, of tubes containing in 10 ce. 
of distilled water (7) 0.1 gm. of silica powder; (2) 0.1 gm. of silica powder plus 0.4 cc. of 
0.1% gelatin solution; (3) 0.1 gm. of silica powder plus 0.8 cc. of 0.1% gelatin solution; (4) 0.1 
gm. of silica powder plus 0.16 cc. of 1% gelatin solution, and (5) 0.1 gm. of silica powder plus 
0.64 cc. of 1% gelatin solution. 


Taste 1.—Amounts of Material Required to Give Minimum Stability with One Gram of Dust 


Methylene Skimmed 
Dust Blue, Gin Gelatin, Gm Milk, Ce. 
Precipitated silica 


Kaolin 


0.08 

Silica powder .... 0.008 0.008 
Asbestos 
Anthracite* 
Graphite 
Carborundum ... 


0.006 0.005 
0.006 0.005 
Limestone .... 0.00008 0.01 
Steam ecoal* 

Bone ash ; 
Bituminous coal’ 
Lime 


0.0005 0.0025 0.08 


0.005 
0 
20 


we O.005 
Activated alumina .... 0.085 
Methylene blue 

Biebrich searlet 


02 
1”) 


* Dust suspended in a 50:50 mixture of ethyl aleohol and water 


pensions of negatively charged dusts did not result in coagulation but rather led to 
improved stability. They did, however, react with positively charged dusts. 

It has been found that where the protein reacted with the dust only a small 
amount of protein was required to produce flocculation of the suspension, and the 
procedure described herewith was followed. To 0.1 gm. of dust suspended in 10 
ce. of distilled water in small stoppered bottles were added varying amounts of 


gelatin in solution. Convenient concentrations are 1.0 or 0.147 by weight. The 
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1 ce 0.1% gelatin 


0.25 cog 0.1% gelatin 
No gelatin 


4, cos 0.1% gelatin 


+. 


206 204 02 of Silica 
206 08 210 ons of Activated 


Alumina. 


Fig. 2.—Variation in stability, with different amounts of added gelatin, of suspensions of 
varying proportions of silica and activated alumina. 


2 cos 1% milk 
0.5 cos 1% milk 


8 ces 1% milk 
0.1 ccs 1% milk 


Stability 


A — | 


202 O of Silica 


206 -10 gms of Activated 
Alumina. 


Fig. 3.—Variation in stability, with different amounts of added skimmed milk, of suspensions 


of varying proportions of silica and activated alumina. 
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tubes were then shaken vigorously and stood on a bench to sediment, when the 


amount of gelatin giving the most unstable or flocculent suspension was estimated 
by observation. 


In Table 1 are given the weights of methylene blue dye giving minimum stabil- 
ity with suspensions of 1 gm. of a selection of dusts. Negative methylene blue 
figures are given to dusts which acquire a positive charge on suspension in water 
after determining the amount of the acidic dye, Biebrich scarlet, required to give 
an isoelectric mixture with the dust and then titrating the Biebrich scarlet against 
methylene blue to find the relative amounts of these two oppositely charged dyes 
giving complete mutual precipitation. The results obtained with gelatin are quoted 
as the weight of gelatin reacting with 1 gm. of dust. For skimmed milk the results 
are quoted as cubic centimeters of undiluted skimmed milk required to give the 
most flocculent mixture with 1 gm. of dust. 


Tas_e 2—Weight of Dye Adsorbed or Weight or Volume of Protein Giving Minimum 
Stability with One Gram of Dust 


Methylene Biebrich Skimmed 
Blue, Gm. Scarlet, Gm Gelatin, Gm. Milk, Ce. 
Aluminum powder 0 0.004 0 01 
Aluminum hydroxide 0 0.04 0 
Silica + 1% aluminum powder 
On mixing 0.008 0.008 
After 6 hr 0.008 0.008 
After 1 day 0.006 0.008 
After 4 days 0.005 0.0005 0.008 
Siliea + 2% aluminum powder 
0.008 0 0.008 
0.006 0 0.008 
After 1 day 0.005 6.0005 0.008 6.001 
After 4 days 0.004 0.001 0.008 0.001 
Silica + 4% aluminum powder 
On mixing 0.008 0 0.008 0 
After 6 hr 0.005 0.0015 0.006 6.001 
After 1 day nesebeh 0.004 0.002 0.006 0.0038 
After 4 days 0.004 0.00R 0.006 0.004 


COAGULATION OF PROTEINS BY MIXED DUSTS 

The dusts inhaled by workers during industrial and mining operations are 
frequently of a heterogeneous nature. The effect of adding protein solutions to 
suspensions of mixtures of positively and negatively charged dusts in varying pro- 
portions but constant total amounts has been studied. Typical of the results 
obtained are those found with the use of mixtures of silica and activated alumina 
with gelatin and skimmed milk. Increasing amounts of protein were added to 
10 ce. of dust suspension containing 0.1 gm. of dust, and the stability of the result- 
ing mixture was assessed. The estimation of the relative stabilities of the suspen- 
sions presented a problem, as there are no standards of stability. It was decided 
to fix an arbitrary scale of stability divided into 10 parts. The stability of a sus- 
pension of silica in distilled water was designated 1; the most unstable mixture, 


which gave an extremely flocculent coagulum, was designated 10: no attempt has 
been made to classify suspensions more stable than silica in distilled water, and 
any suspensions of this stability were designated < 1. The results obtained, cited 
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in this manner, are shown graphically in Figures 2 and 4. It must be eraphasized 
that the ordinates of these graphs mereiy represent relative qualities and have no 
quantitative significance. 

ALUMINUM POWDER 

A small sample of McIntyre aluminum powder was obtained. On being freshly 
suspended in water, the powder acquired a positive charge, adsorbing Biebrich scar- 
let and reacting with skimmed milk, as indicated in Table 2. 

When kept in water at 37 C. with frequent agitation for 48 hours, the suspen- 
sion of black powder becomes white in color as a flocculent suspension of aluminum 
hydroxide is formed. This material adsorbs the acid dye but is stabilized by both 
types of protein. 


Suspensions of silica powder (1 gm. of powder to 100 cc. of water) were pre- 
pared to which were added 1, 2, and 4% of aluminum powder, based on the silica. 
They were kept at 37 C. with frequent agitation, and at intervals samples were with- 
drawn to ascertain the effects of the addition of proteins on stability and to deter- 
mine the dye adsorption. 

COMMENT 

These experiments show that certain dusts in suspension in distilled water may 
be coagulated by appropriate proteins. Of the proteins tried, gelatin, extract of 
rat tail tendon collagen, and hemolyzed blood cells predominantly coagulate nega- 
tively charged dusts and the acid dye Biebrich scarlet. Skimmed milk, blood serum, 
and egg albumen coagulate positively charged dusts and the basic dye methylene 
blue. Gelatin and proteins which behave similarly also coagulate some positively 
charged dusts, a reaction which possibly occurs if the attraction of the dust for the 
amino acid anion groups is stronger than some of the amino acid anion-cation link- 
ages. In this case the coagulation is slight and much less pronounced than for 
negatively charged dusts. There are dusts, however, which do not react with any 
of the proteins tried, and in such cases addition of protein to the dust suspension 
results only in an improvement in the stability of the dispersion. 

Both gelatin and skimmed milk will coagulate a mixed dust containing nega- 
tively charged silica and positively charged activated alumina. A difference may 
be noticed in the behavior of these two proteins toward the mixed dusts. Gelatin 
coagulates both silica and activated alumina, and so if a little of one of these 
materials is added to a mixture of the other two the system is rendered more 
unstable. Skimmed milk, on the other hand, although forming a flocculent pre- 
cipitate with activated alumina, seems to have no reaction with silica, because a sus- 
pension of silica in distilled water is rendered only more stable on addition of a little 
skimmed milk. Addition of silica to a mixture of activated alumina and skimmed 
milk improves the stability of the suspension. But unless the silica is in excess, a 
mixture of silica and activated alumina will be coagulated by small added amounts 
of skimmed milk. Figure 4 shows the similarity in the behavior of skimmed milk 
and gelatin in first coagulating and finally stabilizing a mixture of equal parts of 
the two dusts. 


The amino acids from which proteins are built up are zwitterions, that is, 
their molecules have both acidic and basic properties due to the presence of both 
carboxyl and amino groups in the molecule, as exemplified by the abridged formula 
NH2-R-COOH. In addition to the monoamino-monocarboxyl acid typified by the 
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above formula, monoamino-dicarboxylic, diamino-monocarboxylic, and diamino-di- 
carboxylic acids are well known. Comimnon proteins consist of a mixture of these 
and other amino acids, and it seems reasonable to assume that, according to whether 
the carboxyl or the amino group is in excess, they can in certain circumstances act 
primarily as a colloidal acid or as a colloidal base. Thus, gelatin, which forms a 
precipitate with Biebrich scarlet but not with methylene blue, acts as if it were pre- 
dominantly basic, while skimmed milk, on the other hand, seems to have the 
properties of a colloidal acid. 

It seems reasonable to assume that proteins will be adsorbed by all charged dusts, 
a negative dust attracting the positive group of the protein zwitterion and vice versa. 
If to a negatively charged dust suspension a protein is added which is predomi- 
nantly basic, then when the proportions of dust and protein are suitable, coagulation 


Unstable 


a 


O .06 .12 .25 .6 1 2 & £8 ces 1% milk or 0.1% gelatin 


Fig. 4.—Variation in stability of isoelectric mixtures of silica and activated alumina with 
the addition of gelatin and skimmed milk. 


will result. If the protein carries a net negative charge, adsorption onto the dust 
may still occur, but, instead of coagulation, improved stability will be observed. 

It might be expected that an isoelectric mixture of positive and negative dusts 
in suspension would be stabilized only on addition of protein. Experiment shows 
that this is not the case, as illustrated by Figure 4, a result which can be explained 
by the combination of the positive and negative dust particles with the carboxyl and 
amino end-groups to give a very flocculent and unstable precipitate. 

There is a broad correlation between the amounts of methylene blue and gelatin 
reacting with the negatively charged dusts. The correlation between the Biebrich 
scarlet adsorption (negative methylene blue figure) and the adsorption of skimmed 
milk is not very good, however. This lack of correlation may be due in part to 
the mixed nature of some of the dusts, the steam coal and the bituminous coal 
samples being suspect on these grounds. 
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The properties of aluminum powder are of interest in view of its application 
in the treatment of silicosis. Aluminum powder itself is positively charged on being 
suspended in water and is thus oppositely charged to silica. It decomposes water 
to form aluminum hydroxide, hydrogen being evolved in the process. The resulting 
suspension is most unstable and does not react with proteins, because the addition of 
either gelatin or skimmed milk results in improved stability. Biebrich scarlet, 
however, is adsorbed, with, again, an improvement in stability. Small percentages 
of aluminum powder added to silica suspensions initially have little effect on their 
properties. In the course of a day or so, however, the amount of gelatin required 
to give minimum stability is reduced, and a reaction with skimmed milk begins to 
be observed. Thus, while reducing the negative charge on the silica, aluminum 
confers on it the properties of a mixed dust, and this occurs although aluminum 
hydroxide itself does not react with the proteins. 


Assuming that the fluid bathing the lung alveoli has properties similar to blood 
serum, it is tempting to speculate briefly and superficially on a possible fate of 
inhaled dust particles. Thus, positively charged particles may be expected to cause 
coagulation where they settle in the alveoli. Negatively charged particles, on this 
assumption, will induce no reaction with the lung fluid but may be transported by 
its circulation to a site where they may cause coagulation. A suitable mixed dust 
will cause coagulation under a variety of circumstances, while there are dusts, such as 
cement, which may not be expected to react with proteins. 
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STATISTICAL CONTROL OF FLUORESCENT 
PARTICLE TRACER STUDIES 


F. R. HOLDEN, Ph.D. 
F. W. DRESCH, Ph.D. 
AND 


R. D. CADLE, Ph.D. 
STANFORD, CALIF. 


I. INTRODUCTION 


LUORESCENT particles provide a valuable means of tracing air motion and 

charting the movement of industrial air pollutants. W. A. Perkins and his col- 
leagues ' have described practical and effective methods for dissemination and meas- 
urement of fluorescent particles which they have used successfully for about five 
years in tracer studies over areas in excess of 400 square miles. The use of fluores- 
cent aerosols for tagging air parcels and for subsequent tracing of movement of the 
air parcels has been developed by R. R. Braham and his associates.* The latter group 
employed continually operating sampling equipment in aircraft. 

Fluorescent particles * (commonly | to 5 » in diameter) offer the following 
advantages: (a) they are readily distinguished from naturally occurring fluorescent 
materials by color and/or brightness ; (>) they are small enough to remain air borne 
for long periods; (c) they can be collected quantitatively on Millipore Filters + 
which hold the particles on the surface with little penetration and which are available 
with a dark blue background, providing excellent contrast for microscopic viewing, 
and (d) the fluorescent particles can be measured in concentrations as low as one 
particle in 10 cu. ft. (0.28 cu. m.) of air, corresponding to a mass concentration of 
the order of one part in 10° parts of air. The above data are applicable to air 
samples of about 500 cu. ft. (14 cu. m.).t 

In tracing industrial air pollutants, fluorescent particles can be dispersed from the 
stacks of an industrial plant. Equipment for dispersing the fluorescent particles is 
described by Perkins? and Braham.*? The movement of the stack effluent is then 
traced by collection of the fluorescent particles at selected locations in the area 
under study. 

After collection, each filter sample is placed in a disposable plastic Petri dish. 
Sampling time, air volume, wind direction, and wind velocity are noted on the data 
card attached to a sample envelope. The air volume is a controlling variable in the 
counting procedure to be described. 


From Stanford Research Institute. 

* Zinc cadmium sulfide, manufactured by the New Jersey Zinc Company as NJZ 2266, was 
used in the present study. 

+ Manufactured by Lovell Chemical Company, Watertown, Mass. 

t Type AA Millipore Filter, 47 mm. diameter. 
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The fluorescent particles are detected by their characteristic fluorescence under 
ultraviolet light, the counting procedure being described in Section I]. This paper 
describes methods employed at Stanford Research Institute for control of the sta- 
tistical validity of individual measurements and the control of probable error in a 
series of measurements. The objective of statistical control is the establishment of 
a counting procedure that yields controlled probable error for each sample. Flexi- 
bility of the counting procedure is maintained by means of a preliminary scanning 
of each sample to provide data for estimating the total number of microscopic fields 
that must be counted to yield a desired probable error. 

The procedure used for training technicians in counting particles 1s also described. 


Il. MICROSCOPIC COUNTING PROCEDURE 
The Millipore Filters are examined under near-ultraviolet light (GE 100-watt 
BH-4 lamps are convenient) at a magnification of 100 x. A 16-mm. objective 


Millipore Filter particle counting. Particles are counted along radii, e. g., AB and CD, the 
central portion being avoided. The procedure is designed to avoid recounting of any field. 
(NA 0.25) and a 10 eyepiece yield satisfactory particle brightness, resolution, 
and field size. The field is defined by a square optical grid designed by Prof. P. A. 
Leighton’s group at Stanford University.§ The counting is done in a darkened room, 
with indirect red lighting at a level sufficient to read tables and record data. The red 
lighting is suitable for dark adaptation ; it is necessary to allow 15 to 30 minutes 
for the eyes to accommodate. A standard filter sample with fluorescent particles of 
the minimum size (about 1») can be used to check dark adaptation. 

1. The Millipore Filter is examined as illustrated in the chart. The procedure is 
to probe the filter field by field, starting from the circumference. Each probe is 
stopped at a distance from the center and is repeated along another radius. The 
procedure is designed to avoid duplicate counting of any field. 

2. To begin with, the number of particles in 10 fields is counted and divided by 
10. If the result is 1 or less, Table 1 is consulted, and the total number of fields 


§ Leighton, P. A., of the Department of Chemistry, Stanford University. 
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to be counted is selected as a function of cubic feet of air sampled. If the number 
of particles divided by 10 is greater than one (factor 8), the number of fields from 
Table 1 is multiplied by factor 8. The fluorescent particles in the selected number of 


TaBLe 1.—Number of Fields to be Counted to Control Probable Error to P.E. = 0.1 or 
P.E.=0.2 Particles per Cubte Foot* 


v 
Vol. of Air Vol. of Air - 
Intake, Cu. Ft. 0.1 P/Cu, Ft. 0.2 P/Cu. Ft. Intake, Cu. Ft. 0.1 P/Cu. Ft 0.2 P/Cu. Ft. 
per Filter (a = 45.4) (a = 11.4) per Filter (a 45.4) (a 11.4) 
200 Entire filter 285 5a) 151 
250 728 182 560 145 


No. of Fieldst a ( ) No. of Fieldst a ( - ) 


300 WD 126 570 140 
325 432 108 135 
350 131 
375 
400 
410 
420 
430 
440 


126 
we 


118 


im 
4160 
170 
480) 


500 
510 
520 
530 
540 


* Where preliminary count is less than one per fleld. Where preliminary count is more than one (faetor 
8), multiply the number of flelds by factor B. 


1 Computed as shown for an assumed magnification giving 1,000 flelds to the filter. 


Taste 2.—I‘luorescent Particle Counts 


1 3 1 5 6 7 8 

No. of Fraction Cu. Ft. of Particles Contribution 

Filter Fields of Filter Air Vol., Air Seanned per Cu. Ft to Error 
No. Count Counted Read Cu. Ft (Col. 4% Col.5) (Col. 2 + Col.6) (Col. 7 + Col. 6) 


Ai 10 0.095 720 684 1.29 19 


Ze 
n 


sum of values from Col. s 


€ 

n = number of samples 
S = standard deviation 


At the 6.05 significance level: 


__ Total particles on all filters 


4 ~ 1958 
Particles/eu. ft. = Total cu. ft. of air 18 


fields are counted and recorded on forms illustrated in Table 2. The data are also 
recorded on the sample container envelope, and the envelope is initialed by the 
analyst. 

3. The concentration of particles per cubic foot of air and the contribution of the 
individual count to total series error are estimated (Table 2). 
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FLUORESCENT PARTICLE TRACER STUDIES 


Ill. TECHNICIAN TRAINING PROCEDURE 

Each person to be trained is shown 5 to 10 fields of a test filter, with the number 
and position of the fluorescent particles identified on a diagram. When the trainee 
is capable of differentiating between zinc cadmium sulfide, which produces a yellow 
fluorescence of high intensity, and background, low-intensity fluorescent minerals of 
miscellaneous origin, known samples are counted for check purposes. The trainee 
is approved for fluorescent-particle counting when the data obtained from several 
analyses are correct within probable statistical error. 

Table 3 illustrates the data obtained during the training of seven technicians. 

The data from each filter count are compared with theoretical frequencies com- 
puted from the Poisson distribution. If the true number of particles on 38 fields 
is 290, then counts between 256 and 324 should occur 95% of the time. Deviations 
as great as those shown by D,, F,, and G, should occur not oftener than 5% of the 
time. These three counts thus deviate from the hypothetical level of 290 at the level 
of significance of 0.05. Although chance occurrence cannot be ruled out, the need 
for further training of the three technicians is indicated by counts D,, Fy, and Gy. 
Counts Dy, Fy, and Gg, made after further training, are statistically satisfactory. 
Count E is a borderline case. It is out of control with regard to total particles 
per filter and is borderline with respect to variance from 290 particles per traverse. 
No further counting was done by the trainee designated as FE. 

The statistical basis for the techniques employed is shown in the next section. 


IV. STATISTICAL BASIS FOR SELECTING NUMBERS OF 
MICROSCOPIC FIELDS TO BE SCANNED 
Let p represent the average number of particles per cubic foot of air, 
v equal the volume of air scanned, and 
X equal the number of particles counted. 

If the particles are uniformly distributed through the air mass or at least through small 
volumes and over short periods of time, then the particles are as likely to be found on one area of 
a filter sample as on another of the same size. The variable NX will then follow a probability 
law of the Poisson type, with mean value (and all higher moments) equal to pv. 
procedures can be employed for estimating p: 

(a) 


Then two test 


A specified volume of air (i. €., a specific area of a filter) can be scanned and the 

number of particles counted. The average particle density (p) can be estimated from 
Est p= X/t 

where v is given but XY is a chance variable. 


(b) A filter sample can be scanned until a specified particle count (which must be reasonably 
large and in any case greater than one) is attained. 
estimated from 


In this procedure p can be 
Ests p = (X-1)/2 


where X is given but v is a chance variable. 
For Procedure (a) the expected value of r is p, while for Procedure (b) the expected value 
of r’ is p. The square of the standard error (variance) ¢,? 


for (a) is equal to p/v, and an 
unbiased estimate of is given by = 


r/v, since the expected or average value 
of S,* is ¢,*. Similarly, for Procedure (b) the variance ¢,.2 of r’ is equal to p?/(X-2), and 
the quantity = (X-1)/v? = r'/v, an unbiased estimate of 

Methods for controlling variance to a desired relative error are discussed by Girshick and 
his colleagues. Their method is related to Procedure ()). Procedure (a) proves to be a 
mere convenient basis for control of error where control of absolute error is desired, as when 
a series of observations under changing conditions are to be totaled to give an average particle 
frequency. In the latter case, the samples with small contributions to the total are given minimal 
counting, thus saving the technicians’ time. 
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The size of v is determined by setting e/v = 1/a or v = ap where @ is a suitably chosen 
constant which depends on the admissible error in particle count. Until sample data are available, 
p is, of course, entirely unknown. Since p is the average value of r, that is, r is an unbiased 
estimate of p, the simplest procedure for selecting v is to use a double counting technique. In 
the latter, a preliminary sample of small size vw is counted to provide an estimate ro of p and 
an estimate v of the proper volume to scan as given by 7% = ar. = @(X./vo) where Xo is the 
number of particles counted in volume v.. 

To avoid difficulties arising when X, is small or zero, vu: is assumed to be 10a/z. not only 
for X. = 10 but also for X. < 10. In this truncation procedure the number 10 was chosen 
for convenience. If r. #0, an unbiased estimate of ¢,-* for a given r. is ri/ar.. The exact 
probability distribution of r:/r. is complicated, but since the expected values of r: and ro are 
both equal to p, the average value of the ratio r:/ar, is approximately 1/a, if ro is sufficiently 
large. 

For control to a given margin (e. g., the probable error of each determination to be about 
one particle for every 10 cu. ft. of air), 0.6745 V1/a = 1/10 and a = 100(0.6745)? = 45.4. 
If the margin is to be two particles in 10 cu. ft. of air, an @ of 11.4 is required. 

The volume of air scanned is equal to the volume of air pumped through the filter multiplied 
by the fraction of the filter scanned. The fraction of the filter scanned is equal to the number 
of fields counted, multiplied by the ratio of the area of the field to the area of the filter. The ratio 
of the area of the field to the area of the whole filter is the reciprocal of the number of fields on 
the filter. The fraction of the filter scanned may thus be regarded as n, the number of fields 
counted, divided by N, the number of fields on the entire filter. If l’ is the total volume of air 


pumped through the filter, x R 


n= N(v/V) or No = ve/V, and m = @ Ve — a(Xo/no) (No/V-)?2. 


Ten is a convenient value to use for no. When no = 10, the number of fields in the second 
sample, m:, is obtained from the equation: 
m = 4(X./10) (N/V)? = F(X./10) 
Values for the factor a(N/l’)*, when a = 11.4 or 45.4 and V equals 200 to 900 cu. ft. 
(5.6 to 25.4 cu. m.) of air, are given in Table 1. As previously mentioned, to give a margin 
of safety when X. has a low value, X./10 is taken as one for all cases where X,. < 10. 


Vv. SUMMARY 

Fluorescent particles provide a means of tracing the movement of industrial 
air pollutants. The tracer can be dispersed in the waste gases from industrial plants. 
Samples are collected on Millipore Filters. 

Statistical methods for counting particles are described. These permit control 
of the probable error for each sample to desired accuracy. The technique calls for 
a rapid, preliminary count of particle density on each filter to provide data for 
estimating the number of fields to be counted to yield desired statistical control. 

Methods employed for training personnel to count fluorescent particles and 
the counting procedures are also described. Typical data obtained by trainees are 
provided. 


The Stanford Research Institute analytical staff and Miss Cecily Aggeler in particular 
assisted by making particle counts, 
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FOUNDRY WORKERS’ PNEUMOCONIOSIS IN SWITZERLAND 
(ANTHRACOSILICOSIS) 


J. R. ROTTNER, M.D. 
ZURICH, SWITZERLAND 


HE PROBLEM of pneumoconiosis among foundry workers in Switzerland has 

a gradually increasing incidence. According to SUVA (Schweizerische Unfall- 
versicherungsanstalt ) statistics, about 10% of all recorded cases of pneumoconiosis 
(silicosis) are found among foundry workers. All the clinical material collected by 
SUVA on foundry workers’ pneumoconiosis has been described by Obrist * and 
Lang * and covers 113 cases till 1948. The risk of pneumoconiosis among foundry 
workers has not been recognized for long, except in those instances in which workers 
were engaged in sand blasting. In the United States, Sander * published in 1938 
and 1939 two clinical roentgenological studies on foundry workers’ pneumoconiosis. 
In Switzerland, Uehlinger* reported in 1946 a pathological study on foundry 
workers’ pneumoconiosis. Another interesting report of a case of anthracosilicosis 
occurring in a foundry employee was published recently by Hamlin.* 

Clinically, this type of pneumoconiosis has a relatively benign course, with a 
relatively insignificant shortening of life, and can be caused only by very long 
exposure to dust.7 Severe cases, with early invalidity, seldom occur. In early 
stages, which are only recognizable roentgenologically, the ability to work is mostly 
unimpaired or is impaired only when complicated by tuberculosis, which according 
to Lang * occurs in 23% of the cases. 


MATERIAL 


The chief material of this paper is based on 21 autopsies on foundry workers in 
whom pneumoconiosis developed, done by the pathological-anatomical section of 
the Zurich Silicosis Research Unit. Nine of these 21 cases were complicated by 
tuberculosis. In four of them the cause of death was some unconnected disease, 
e.g., carcinoma of the liver, carcinoma of the prostate, or hypertension with 
encephalorrhagia. 

The lungs were examined macroscopically and microscopically. Microincinera- 
tion was performed in all cases, followed by x-ray diffraction of dust.” 

The age at death varied from 46 to 77 years. The average length of exposure 
to dust was 32.6 years. The severity of the pneumoconiosis was found to be pro- 


portional to the length of exposure. I¢ven after long exposure very severe cases 
seldom occurred (Table). 


From the Histopathologisches Institut, Universitat Ziirich. 

This research was supported by the Ziircherische Arbeitsgemeinschaft zur Erforschung und 
Bekampfung der Silikose in der Schweiz. 

* References 4 and 5. 

+ References 4 and 5. 
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OBSERVATIONS 


A. Macroscopic Appearance.—The gross appearance of the lungs in foundry 


: workers’ pneumoconiosis is black; the color is caused by particles of coal, soot, and 
y iron contained in the mixed dust. There are three degrees of severity. 

- I. Slightly Disseminated Anthracosilicosis: The lung tissue is symmetrically spotted with 
7 black compact or sometimes soft star-shaped nodules or macules, the size varying from 2 to 
- 3 mm., with the greatest density at the infraclavicular and central regions of the lung and a 
4 lower density at the base. The bronchial lymph nodes are black, hard, and compact. 


Il. Moderate Anthracosilicosis: In addition to the description under the first degree of 
anthracosilicosis, there are subpleural black fibrous layers, ranging in thickness up to 2 cm. and 
in length up to 3 or 4cm. There are also, but not as a rule, rounded masses of black consolida- 
tion measuring 1 to 2 cm. In the vicinity of these areas of massive fibrosis, several hard nodules, 
measuring up to 5 mm., are sometimes present. Focal emphysema occurs around the nodules. 


Autopsy Findings in Cases of Foundry Workers’ Pneumoconiosis 


Length of Degree of 


Age at Dust Expo- Anthraco- Superimposed 
Case No Death sure, Yr. silleosis Tuberculosis 
4 (2 
5 
9 


III. Severe Anthracosilicosis : Massive areas of fibrosis, even up to the size of an orange, are 
found in these cases. The localization is mostly in the upper and middle parts of the lungs. 
Occasionally the fibrosis extends throughout the entire lobes of the lungs, causing severe 
shrinkage of the lung tissue. Cases of this type, however, are rare. 


Each of the these three types of pneumoconiosis can be complicated by exudative- 
cavernous tuberculosis. According to the clinical course in our cases there was 
always a superimposed tuberculosis, which occurred after many years of dust 
exposure or even during the last years of life (Figs. 1 and 2). 


B. Microscopic Appearance—Microscopically the basic lesion of foundry 


: workers’ pneumoconiosis is the anthracosilicotic nodule. Its principal difference 
. from the silicotic nodule is that it is not rounded but is of astral shape. This has 
= already been mentioned in cases of coal miners’ anthracosilicosis.t The localization 
7 of the anthracosilicotic nodules in the lungs is just the same as that of the silicotic 
a t References 8 to 13. 
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nodules. According to the intrapulmonary ways of dust transportation, these nodules 
are found in perivascular, peribronchial, and subpleural regions. There are different 
points of view as to how the dust is deposited there. It is not intended to discuss 
that problem here. At first small conglomerations of dust cells, the so-called dust- 
cell nodules, are found at the confluence of the lymphatic vessels. They represent 
the first degree of anthracosilicosis, and they differ only in their composition of dust 
from the early stages of pure silicosis. Their consistency is a soft one. In the course 
of time, first small, later on thicker, collagen fibers appear irregularly between the 
dust cells, and these nodules become compact and hard. Free, or phagocytosed, 
black-colored dust lies between the fibers. The collagen is rarely of concentric 
arrangement, but the collagen fibers run radially in the adjacent alveolar septa. The 
mature anthracosilicotic nodule gets its astral shape from the irregular laying of 
the collagen fibers (Fig. 3). In contrast to the mature silicotic nodule, it has fewer 


Fig. 3.—Mature anthracosilicotic nodule, with marked perifocal emphysema. x 35. 


fibers. This might depend on the composition of dust inhaled, which contains not 
only quartz but also coal, soot, and iron oxide.§ The astral shape of the anthracosili- 
cotic nodule and the shrinking of the lung tissue associated therewith are the direct 
cause of the perifocal emphysema always found. 


Fibrosis can also be seen in the alveolar septa overloaded with dust. Very often 
the anthracosilicotic nodules are surrounded by groups of alveoli packed with black- 
colored phagocytes. The periphery of the nodules and the alveolar septa often, 
though not regularly, show infiltration of plasma and lymphocytic cells. In a pre- 
vious paper '* I have already stated that the inflammatory processes are supposed 
to be secondary. 


A striking fact of foundry workers’ pneumoconiosis is the tendency of the workers 
to develop calcified anthracosilicotic tissue; furthermore, heterotopic bone tissue 
develops as an expression of aging. Similar calcification is very seldom found in 
pure silicosis, except in the silicosis of stone workers,’® which has a similar benign 


§ References 4, 5, and 14. 
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course and needs long exposure. The histological picture of the areas of massive 
fibrosis is a very complex one. The distribution of the lesions is different, but their 
structure is similar. The masses occur mostly in the upper lobes and middle parts 
of the lungs and in the subpleura. The lungs contain partly round or oftener 
elongated masses of dense black tissue, which completely replaces the intact lang 
parenchyma. This fifrous tissue is arranged in bundles. They are interwoven or 
lie in parallel sheaves; a concentric disposition could not be seen. Black dust lies 
between the bundles in large amounts, although areas of dense fibrosis are quite 
free from black dust. As mentioned by Gough '* in regard to pneumoconiosis in 
coal trimmers, the arrangement of the collagen fibers is not a condition arising by 
mere coalescing of nodules but, rather, is a fibrosis which is diffuse from the begin- 


Fig. 4.—Massive area of fibrosis, with microcavity. « 35. 


ning. Often the large sheaves of collagen are separated by clefts, and that is how 
small irregular microcavities originate (Fig. 4). Cavities other than those of 
tuberculous nature have not been observed. 


DUST ANALYSIS OF LUNG TISSUE 

In the lesions, microincineration conclusively showed the presence of quartz 
particles by optical methods, not in high amounts but distinctively. Coal and soot 
overlapping the quartz were thus eliminated. X-ray diffraction of lung ashes obtained 
by microincineration revealed too the presence of quartz, together with considerable 
amounts of hematite (Fez O,) and in some cases hydroxyapatite (Fig. 5). Further- 


more, histochemical (iron stain) methods on incinerated and nonincinerated speci- 
mens confirmed the great content of iron oxide. This iron oxide is partly endo- 
genous and partly exogenous, from the foundry dust inhaled. It cannot be decided 
whether the greater amount of iron is exogenous, because in pure silicosis iron pig- 
ment can also be found around the silicotic lesions and is considered to be of 
endogenous origin. The average particle size of dust deposited was about 1 to 2 #. 
This was found by fractional dust analysis." 
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Fig. 5—Powder diffraction photographs: A-C, FeK radiation; D-F, CuK radiation. I. 
A, hematite (FeO;); B, lung ash, quartz, and hematite; C, quartz (SiO.). Il. D, quartz; 
E, lung ash, quartz; F, hydroxyapatite (CasOH[PO,]s). 
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Chemical analysis of lung tissue yielded the following data: 


% Of Gried 


on 


COM MENT 


The dust found in the anthracosilicotic lesion was the dust encountered in 
foundries. This dust mostly originated from molding sand. The composition of 
the molding sand varies according to the casting. The content of quartz of the 
molding sand is about 60 to 90%. In manufacturing the molding sand is mixed 
with coal, soot, and iron. Therefore the dust in foundries is a mixed one. It is 
known that the dangerous size of particles is below 10 pw. | have found that the maxi- 
mum alveolar retention of the dust inhaled is between 1 and 2 w.|| In foundry dust 
the particle fraction between 10 and 80 » revealed 40% quartz ; the fraction smaller 
than 10 » revealed about 15 to 20%. The average dust concentration in a big 
foundry ranges from 10 to 20 mg. per cubic meter of particles less than 10 ». In 
contrast to dust derived from rock drilling (granite), the dust from foundries has 
a relative low concentration of quartz. 


Analysis of Particle Sizes.!°—An example of a dust sample shows the following 
distribution of particle sizes : 


29% 


27% 


The essential pathological findings in cases of foundry workers’ pneumoconiosis 
are identical with those described in pneumoconiosis in British coal trimmers { and 
in coal miners in Germany.* But in contrast to Gough # and Fletcher,* | do not con- 
sider tuberculosis to be an essential factor in the formation of massive fibrosis. 
However, | think that if these masses are in part infectious in origin the infection 
in some way may be of nonspecific type. 

Concerning the nomenclature of foundry workers’ pneumoconiosis, | have called 
this type of silicosis anthracosilicosis. In a personal communication Dr. Sander told 
me he believes that it is just as valid to call the lung changes in foundry workers 
siderosilicosis as anthracosilicosis. He thinks that the considerable amount of iron 
which most foundry workers inhale is a material factor in modifying the silicosis 
of foundry workers. Being aware of the fact that coal and iron are always present 
in the lungs of these workers, | think it would be justified to call this type of pneu- 
moconiosis anthracosiderosilicosis rather than siderosilicosis. I found the same type 
of lung lesions in graphite workers, specimens having been sent me by Dr. Singer, 
of Munich. 


|| References 16 and 17. 
© References 11 and 12. 
# References 11 and 12. 
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These specimens, after having been examined chemically and petrographically, 
showed besides a great amount of graphite a small content of quartz in the lungs. 
As already mentioned, | classify this type of pneumoconiosis in foundry workers 
as a modified silicosis '* and so agree with Dr. Sander that quartz plays an essential 
role. The histological modification seems to be due to the preseace of carbon, soot, 
iron, and possibly other minerals. 

Recently my associates and I observed a similar type of pneumoconiosis in a 
graphite worker.'* Jéxamination of the lung dust revealed no quartz but great 
amounts of graphite and some Carborundum. In conformity with the composition 
of the dust in the lungs, the inhaled graphite did not contain any quartz.'® Animal 
experiments 7 convinced us that pure graphite, as well as other carbon modifica- 
tions, have a fibrogenic action. As to this point of view, we still hold the opinion 
that quartz, of all the minerals, has the highest fibrogenic action and is still the most 
important factor in producing pneumoconiosis. 


SUMMARY 


A review of 21 autopsy cases of anthracosilicosis among Swiss foundry workers 
is presented, Pneumoconiosis of foundry workers is considered to be a mild modi- 
fied type of silicosis and belongs to the large group of mixed dust silicoses. Quartz 
plays an essential part in the development of the anthracosilicotic nodules and the 
areas of massive fibrosis. The paper, furthermore, directs attention to the fact that 
the morphological picture is identical with that for pneumoconiosis in coal workers. 
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OBSERVATIONS ON TOXICITY OF ALDRIN 


ll. Serum Esterase Changes in Rats Followirg Administration of Aldrin 
and Other Chlorinated Hydrocarbon Insecticides 


M. CREVIER, M.Sc. 
W. L. BALL, Ph.D. 
AND 

KINGSLEY KAY, Ph.D. 
OTTAWA, CANADA 


REDUCTION in serum esterase activity of rats following exposure to simple 
chlorinated hydrocarbons, such as carbon tetrachloride and chloroform, was 
reported in 1946 and 1947 by Ellis, Sanders, and Bodansky' and by Brauer and 


. Root.* As aldrin ¢ and certain other chemically related insecticides had been shown 

; to possess typical chlorinated hydrocarbon toxicity for mammals,® experiments were 

: undertaken in our laboratory to establish whether these compounds also possessed 

: the power to influence the activity of the serum esterases. 

7 Thus, our initial experiments have covered study of serum esterase changes 

occurring in rats after administration of aldrin,+ chlordane,t dieldrin, D. D. T.,|| 

: heptachlor,{ lindane,# and hexachlorobenzene * ; these are all examples of complex 

4 chlorinated hydrocarbon insecticides, 

METHODS 

R The Gomori method for serum esterase determination® with the use of phenyl benzoate sub- 

strate was employed. The method is based upon the measurement of phenol liberated by the 
enzymatic reaction and has been shown to be sensitive to common esterase and lipase® and to 
pseudocholinesterase.? It provides superior rapidity of estimation over the Warburg technique 

a and is suited to enzyme studies on small mammals owing to the small quantity of serum required. 
The Warburg technique was used, however, for identification of the specific esterases influenced 

> by the chemicals used in our experiments. 

5 For rat serum, the reaction with phenyl benzoate was found to be proportional to time, 

Ze amount of enzyme, and concentration of substrate. Each determination was corrected by sub- 


tracting the blank value resulting from the phenol liberated by nonenzymatic hydrolysis and that 
due to phenolic compounds present in blood. This latter correction was negligible. Nonenzymatic 
hydrolysis accounted for less than 10% of the activity. The rate of hydrolysis of phenyl benzoate 
by serum incubated with aldrin was unchanged. 

Blood serum was obtained from the tip of the tail and was collected in 10 cm. capillary tubes 
of an internal diameter of 1.5 mm. After centrifuging, 3.0 #1 of serum was drawn into a micro- 
pipette for test. 


From the Occupational Health Laboratory, Department of National Health and Welfare. 
* References 2 to 4. 

+ 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene. 

t 1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. 

§ 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene. 
| 2,2-bis-parachlorophenyl-1,1,1-trichlorethane. 

{ 1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene. 

# 1,2,3,4,5,6-hexachlorocyclohexane. 


* 1,2,3,4,5,6-hexachlorobenzene. 
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SERUM ESTERASE CHANGES AFTER ADMINISTRATION OF ALDRIN 


The method of Robillard and associates* was used for determinations of oxygen consumption. 

Sprague-Dawley rats weighing between 250 and 300 gm. were used. The animal room was 
maintained under temperature-controlled conditions (68 to 72 F.). Diet was Master Feed Fox 
Breeder Starter Cubes. 


RESPONSE OF SERUM ESTERASES TO CHLORIMATED HYDROCARBON CHEMICALS 


The response of the serum esterases to the chemicals employed in these experi- 
ments has been expressed as a percentage of the average serum esterase activity of 
groups of 10 control rats which were matched to each experimental series. This 
procedure was followed in order to eliminate the effect of day-to-day variations 
in the Gomori index of serum. 


1. Effect of a Single Dose of Aldrin.—Chart 1 shows the response of a group 
of 10 male rats to a single dose of recrystallized aldrin in corn oil, at the level of 


T T T T T T T T T 
EFFECT OF A SINGLE ORAL 30 Mg./kg. DOSE OF ALDRIN ON 
SERUM ESTERASE ACTIVITY OF MALE RATS 


e@ Aldrin administered in Corn Oil 
o Corn Oil only 
10 Rats in each group 


a 
z 
a 


8 10 12 16 
DAYS AFTER ADMINISTRATION 


Chart 1. 


30 mg. per kilogram, administered by stomach tube. This compound did not cause 
the reduction in serum esterase characteristic of carbon tetrachloride, but it pro- 
duced a striking increase, which reached a maximum of 30% above normal at 5 
days, returning to normal by 20 days. A control group, receiving corn oil only, 
showed no rise in serum esterase (Chart 1). 

The rise in serum esterase following aldrin administration orally also occurred 
following subcutaneous administration. In this experiment it was also found that 
the response was proportional to dosage. Chart 2 shows the response to single doses 
at the third day following injection and indicates that response was directly pro- 
portional to the logarithm of the dose over the range studied (10 to 63 mg. per 
kilogram of body weight). 

2. Multiple Dosage with Aldrin.—I\n this experiment, aldrin was administered 
intramuscularly in corn oi] to 10 male rats at the level of 10 mg. per kilogram of 
body weight every 48 hours for 58 days. The findings are shown in Chart 3 and 
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establish that the serum esterase responded to such multiple dosage with aldrin 
by increasing to 20% above normal by the 30th day. This increase was maintained 
for the duration of the administration period. 


T q T 
SERUM ESTERASE RESPONSE 
MALE RATS ON THIRD 4 
4 ‘DAY AFTER SINGLE 
SUBCUTANEOUS INJECTION. 
150 OF ALORIN 
(10-63_Mg/kg. body wt) 
140}- 4 
2 
130 |- 
2 
uw 
2 120}- 
¥ 10 Rats in each group 

10 18 20 25 30 


LOGARITHM OF ALDRIN DOSAGE 


Chart 2. 


SERUM ESTERASE RESPONSE OF MALE RATS TO 

5 | CONTINUOUS ALDRIN ADMINISTRATION. 

'150}- 

4 

4140 ~ 

ivy) 

a 
2 
a 

- 

...100 PRM. in the diet (commercial) 

Mgms Aldrin per Kg. Body Weight 

ie ° in Corn Oil intramuscularly every 

w second day 

2100 Corn Oil intramuscularly control 

4 z ® Rats in each group 

DAYS OF ALDRIN ADMINISTRATION 

Chart 3. 

; 3. Long-Term Feeding with Aldrin.—In order to assess the response of the 
serum esterase to aldrin ingested in low concentrations in the diet, a group of 10 
male rats was maintained on dietary levels of 100 ppm. The gradual increase of 

: the serum esterase to approximately 150% of normal by the end of this 58-day 

: experiment is shown in Chart 3. 
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4. Early Effect of Aldrin on Serum Esterase—I\n the previous tests serum 
esterase had not been estimated until at least 24 hours after first administration. 
The following experiment was carried out to establish the pattern of change during 
the first 24 hours after ingestion of the chemical. A single oral dose of 30 mg. per 
kilogram was administered to a group of 10 male rats. Serum esterase was deter- 
mined on this group and a normal group at 1, 2, 4, 8, 12, and 24 hours. The findings 
are shown in Chart 4 and indicate that a small but significant decrease in esterase 
occurs during the first 24 hours, at which point the per cent of normal activity 
agreed with previous levels (Chart 1) attained at this dosage level. 

A second experiment was then conducted with a normal group of 10 male rats 
and an experimental group of 20 treated with an initial oral dose of 45 mg. per 
kilogram. This was followed by administration of 30 mg. per kilogram on the second 
day, and thereafter, for three days, 15 mg. per kilogram was administered, Serum 


T T I j ] - 

SERUM ESTERASE RESPONSEOF = 

té |4—MALE RATS TO SINGLE AND MULTIPLE silt 

| ORAL DOSES OF ALDRIN — #6 Dying Rats 

Om——— Single oral 30 Mg./kg. dose 
of Aldrin 


'n 


ASE 


1 Dying Rat 


i 


@—e Initialoral dose of 45 Mg./Kg. 
and thereafter daily as prctheeg 


Number of surviving rats shown 
in brackets 


(10) 


(20) 
30Mg/Kg. 15 Mg/Kg. 15 Ma/Kg. 


PERCENTAGE OF NORMAL SERUM EST 


10 20 30 50 60 70 80 90 100 
TIME AFTER ADMINISTRATION IN HOURS 


Chart 4. 


esterase was determined at 1, 2, 4, 8, 12, and 24 hours and subsequently once per 
day prior to dosage. The findings are shown in Chart 4. The initial drop in esterase 
during the first 24 hours was confirmed. The rise in level continued until 48 hours, 
and for the living animals it did not increase further. Serum esterase determinations 
on dying animals showed that activity increased rapidly to around 140% of normal 
between the last administration and death. Whether this small initial reduction in 
activity has been the result of hemodilution was not confirmed. 

5. Effect of Other Chlorinated Hydrocarbon Insecticides.—Single oral dosage 
experiments at approximately half the acute oral L. D.s9 level were undertaken 
with several other insecticides of the chlorinated hydrocarbon type. These com- 
pounds were administered in corn oil by stomach tube. The findings, based on 
work with groups of 10 male rats, are shown in Chart 5. The response to all com- 
pounds tested was a rise in serum esterase which reached a maximum at around 
four days, as in the case of aldrin. Dieldrin (6,7-epoxy derivative of aldrin) caused 
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a maximum serum esterase rise of 20%, as compared with 30% for aldrin (Chart 
1). Chlordane, an octachlorinated methanoindene, led to an increase of 30% above 
normal, whereas heptachlor, containing one less chlorine and a double bond at the 
2,3 position, was of lower activity, raising the serum esterase only 10%. D. D. T., 
representing both a chlorinated chain aliphatic and a chlorine-substituted aromatic 
hydrocarbon, caused an increase of 17%. 

Hexachlorobenzene and lindafe (hexachlorocyclohexane ) were also included in 
this experiment. At dosages of 1,800 and 65 mg. per kilogram, respectively, increases 
in serum esterase occurred throughout the five days following administration. 
However, maxima were only 10 and 5%, respectively. 


ENZYME IDENTIFICATION 
The Warburg technique was used for the identification of the specific enzymes 
assayed by the Gomori method in the aldrin experiments. The following substrates 


T if T 
SERUM ESTERASE RESPONSE OF 
|. MALE RATS TO SINGLE ORAL DOSES _| 
OF VARIOUS CHLORINATED HYDRO- 


CARBON INSECTICIDES. 
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Chlordane (225Mg./Kg.) 
Dieldrin ( 30 Mg,/Kg.) 
0.0.T. (125 Mg./Kg.) 
x Heptachlor (45 Mg./Kg.) 
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PERCENTAGE OF NORMAL SERUM ESTERASE ACTIVITY 


130}- 
10 Rats in each group 
120 
4 
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DAYS AFTER ADMINISTRATION 


Chart 5. 
were employed: benzoylcholine (pseudocholinesterase sensitive), triacetin (ali- 
esterase sensitive), acetyl-8-methylcholine chloride (true cholinesterase sensitive ), 
and acetylcholine bromide (pseudocholinesterase and true cholinesterase sensitive ). 
True cholinesterase was assayed only in red cells because Ellis and Root * had 
shown that rat serum contained insignificant amounts of this enzyme. The method 
of Mendel, Mundell, and Rudney '® was followed for these Warburg measurements. 

To each of six male rats 30 mg. per kilogram of aldrin was administered in corn 
oil by stomach tube. A matching group of untreated controls was included. Samples 
of blood for Warburg and Gomori assay were taken from the tail daily for four days. 

In the first experiment, benzoylcholine in sodium bicarbonate at pH 7.4 was 
added to serum volumes of 0.6 ml. to bring final concentration of substrate to 
0,006 M and reaction volume to 4 ml. Incubation in reaction flasks for 30 minutes 
followed. A matching group of untreated controls was run. No significant difference 
between test and control sera was found over four days, though the Gomori test 
on the serum of the aldrin-treated group showed that a rise in the esterase had 
occurred, These findings were confirmed when blood was drawn from the hearts 
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of the experimental animals under light anesthesia. From this experiment it was 
evident that pseudocholinesterase activity had not been increased by the aldrin 
administration. 

Samples of blood from the rats used in the foregoing experiments were assayed 
in the Warburg apparatus, with triacetin in sodium bicarbonate at pH 7.4. Final 
substrate concentration was 0.005 M, and reaction volume was 4 ml. Findings on 
blood sampled four days after aldrin was administered to duplicated groups of rats 
are shown in Table 1 and indicate that the rise in enzyme activity caused by aldrin 
represented an increase in aliesterase. 

Finally, red cells from aldrin-treated and control animals were assayed for true 
cholinesterase by the Warburg technique with the use of acetyl-8-methylcholine 
chloride and acetylcholine bromide. The red cells were washed three times with 
isotonic saline and resuspended in twice the original volume of blood. Of this sus- 


Taste 1—Triacetin Hydrolysing Ensyme Activity of Rat Serum Following Oral 
Administration of Aldrin 


No. of Average aL COs Hr,, 
Groups Male Rats 0.02 M1, Serum ¢ 


j 4.6 + 7.5 


P=< 001 


ous 6 24 
j 91.62% 4.5 


* Single oral dose, 30 mng./kg. 
+t Activity at fourth day following administration of aldrin. 


pension, 0.8 ml, was used. The substrates were added in 


a quantity to bring final 
concentration to 0.03 M in both cases. No difference in the level of true cholin- 
esterase was found. 


EXPERIMENTS WITH ALDRIN AND THYROXIN 


The work of Hawkins, Nishikawara, and Mendel!! and Muhlbock and Kauf- 
mann '* had established that the level of esterase in serum could be reduced by 


thyroxin administration. It was therefore of interest to determine whether aldrin 
would accelerate the rise in serum esterase of rats pretreated with thyroxin. Further- 
more, as thyroxin was known to increase oxygen consumption, it was considered 
desirable to determine whether aldrin would also exert a modifying action in this 
respect. 

1. Serum Esterase Recovery—Two groups of 10 male rats were treated with 
thyroxin at a subcutaneous dosage of 0.4 mg. per kilogram daily for three days. 
On the third day one group received aldrin by stomach tube in a dosage of 30 mg. 
per kilogram. A control group of 10 male rats received a similar dose of aldrin. 
As shown in Table 2, the thyroxin treatment produced a reduction in serum esterase 
to 75% of normal 24 hours after last administration of the hormone. This Table 
also shows that the rise of serum esterase of the thyroxinated rats which received 
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aldrin was accelerated. Statistical treatment yielded the following P values: for the 
difference between thyroxinated groups at 24 hours following aldrin administra- 
tion, P < 0.01; at three days, P < 0.01, and at six days, P < 0.01. 

2. Oxygen Consumption E ffect—Oxygen consumption was determined on the 
same groups of rats as were used in the serum esterase recovery experiment. Addi- 
tionally, a group of 10 male rats was administered a single dose of 30 mg. per kilo- 
gram of aldrin for the purpose of establishing the direct effect of aldrin on oxygen 
consumption. The findings are shown in Table 3. 

Aldrin was found to produce a 15% reduction in oxygen consumption of normal 
rats at 48 hours after administration. 


Taste 2.—Serum Esterase Levels of Normal and Thyroxinated Rats Following 
Aldrin Administration 


Serum Esterase Levels as Percentages of 
Normal with Standard Errors 


Treatment One Day Three Days Six Days 
104 + 3.5 110+ 3.4 113 + 3.9 
2. Thyroxinated t—treated with aldrin.... 4 89 + 3.2 104 + 3.1 113 + 4.0 
8. Thyroxinated { only ..... 76+ 2.7 % + 3.1 @+3.3 


Significance of Treatment 
Probability of significance of difference between 2 and 3 P<O001 P<001 P<001 
5. Probability of significance of difference between 1 and 2 P<001 P>0.05 P > 0.05 


> 


* 30 mg./ke. of aldrin in corn oil by stomach tube. 


+t 0.4 mg./kg. of thyroxin subcutaneously daily for three days; on the third day aldrin was administered at 
dosage given in subscript marked *. 


} Thyroxin as given in subscript marked ¢. 


Tas_e 3.—Effect of Orally Administered Aldrin on Oxygen Consumption of 
Male Rats Pretreated with Thyroxin 


Oxygen Consumption, 


Treatment (10 Rats per Group) MI./Hr./100 Gm. Body Wt. 
2. Aldrin ¢ (single dose, 30 mg./kg. body 147.0 + 3.4 
4s 3. Thyroxin (04 mng./kg. subcutaneously daily for 3 days)............... 196.0 + 3.0 
: 4. Thyroxin and aldrin ¢ (aldrin at 30 mg./kg. administered after 3 daily 
subcutaneous injections of thyroxin at 0.4 199.8 + 3.9% 
* Standard deviation. 
+ At second day after aldrin administration. 
t Difference between 3 and 4 not significant (P = > 0.5). 
: The administration of aldrin following thyroxin treatment failed to reduce the 
7 augmented level of oxygen consumption. 
Additionally, oxygen consumption determinations were carried out on the rats 
; undergoing long-term feeding and intramuscular administration of aldrin (Chart 
. 3). It was found that the level of oxygen consumption for these animals was 37 
and 24% below normal, respectively, at the end of the 58-day administration period. 
: The corn oil controls were found to have normal oxygen consumption. 
COMMENT 


Apart from the aromatic chlorinated hydrocarbons which have been shown in 
this study to raise the activity of aliesterase in rats, calcium gluconate has been 
reported to increase nonspecific serum esterase '*; certain lipotropic agents have 
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been stated by Hawkins and Nishikawara to increase pseudocholinesterase."* Haw- 
kins and Nishikawara ™ have also reported that the activity of pseudocholinesterase 
(benzoylcholine-hydrolyzing ) was increased in serum of rats on chronic low dos- 
ages of thiouracil. The aromatic chlorinated hydrocarbons studied in our experi- 
ments may therefore be differentiated from the foregoing compounds by their 
characteristic of augmenting aliesterase without changing pseudocholinesterase. 

The role of chemical structure in the response of the serum esterase has received 
only preliminary exploration in this study. It would appear, however, that the 
enzyme response does not entirely parallel toxicity, for all the chemicals were 
administered at half the acute oral L. D.s59 level; yet certain compounds, such as 
heptachlor, hexachlorocyclohexane, and hexachlorobenzene, had little effect on the 
enzyme. In contrast, chlordane, closely related to heptachlor structurally, produced 
an effect equal to that of aldrin, the most toxic compound in the series and the 
most powerful in its effect on the esterase levels. Further work on chemical struc- 
ture is in progress and will be reported shortly. 

It has been known for some years that the chlorinated hydrocarbons are liver 
poisons. Furthermore, it has long been established that the site of formation of the 
esterases is in the liver. Hence, the action of carbon tetrachloride in reducing serum 
esterase f might have been expected. The action of aldrin in raising serum esterase 
levels cannot be so simply explained. It is of interest, however, that such workers 
as Hawkins and Nishikawara { have shown that thyroidectomy and hypophysectomy 
lead to increase in the serum esterase levels. The modification of the reduced esterase 
activity brought about in our animals by aldrin after pretreatment with thyroxin sug- 
gests the possibility that aldrin may act on the thyroid and the related endocrine 
system. This conception is supported by our finding that aldrin reduced oxygen con- 
sumption. That aldrin did not modify the oxygen consumption of thyroxinated ani- 
mals appears contradictory, but this may indicate that aldrin does not act at tissue 
level. Previous findings by Ball, Kay, and Sinclair ** that aldrin administration led to 
weight increase and estrus repression provide additional evidence suggestive of the 
action of aldrin on the endocrines. Finally, the pattern of response of the serum 
esterase, as shown in Chart 4, would appear to parallel the pattern of response of 
many vital processes observed by other workers in stress and disease ‘’ where the 
role of the endocrines in adjustment to stress has been indicated. Further experi- 
ments are in progress, with a view to establishing the site of action of aldrin in vivo 
and the physiological significance of its action. 


SUMMARY 


1. Single oral doses of aldrin at approximately half the acute oral L. D.50 level 
were found to cause a rise in serum esterase of rats, with a maximum around four 
days after administration. 

2. Semichronic and chronic low doses with aldrin by oral and intramuscular 
routes were found to produce a gradual but sustained increase in serum esterase 
levels. 


+ References 1 to 4. 
t References 11 and 15. 
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3. The rise in serum esterase 24 hours after administration of acute oral doses 
of aldrin was preceded by a small but significant fall. 


4. A sharp rise in serum esterase a few hours prior to death was noted in animals 
overdosed with aldrin. 


5. The rise in serum esterase following aldrin administration was identified 
with aliesterase activity. No change in pseudocholinesterase was found. 


6. Aldrin was found to accelerate the recovery of the serum esterase of thy- 
roxinated rats from reduced levels. 


7. Aldrin caused a reduction in oxygen consumption but failed to accelerate 
the recovery of the oxygen consumption of thyroxinated rats from augmented levels. 
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EFFECT OF CORTISONE ON EXPERIMENTAL SILICOSIS IN RATS 


BRUNO MARENGHI, M.D. 
AND 


LORENZA ROTA, M.D. 
MILAN, ITALY 


ANY EXPERIMENTS have been undertaken in order to investigate the 
effect of cortisone on silicotic nodules. Schiller * and Magarey and Gough + 
have demonstrated both an inhibition of fibrosis and an alteration in the mobility of 
macrophages when quartz dust was injected into the peritoneal cavity. Harrison, 
King, Dale, and Sichel * have reported that the administration of 5 mg. of cortisone 
thrice weekly to rats which have received intratracheal injections of quartz has 
modified the development oi experimental silicosis both in respect to its amount 
and in respect to its distribution. Cortisone interfered with the migration of dust 
cells, which remained much more loosely scattered through the lungs in those rats 
(mainly in the alveoli) than in animals which received the same amount of quartz 
but no cortisone. Interference with the accumulation of quartz particles into focal 
aggregates retarded the development of discrete silicotic nodules. In addition, there 
may have been a direct inhibition of fibrosis. Investigations regarding the effect of 
cortisone on experimental silicosis produced by inhalation in rats were undertaken 
by us contemporaneously with Harrison and his co-workers. Publication of the 
results of our experiments has been retarded by the more prolonged survival of our 
animals. 
EXPERIMENTAL PROCEDURE 
Twenty rats, either male or female, were used; their average weight was 250 gm. The 
cabinets and mechanism for producing the dust cloud are shown in Figure 1. The dimensions 
of each dusting cabinet were 2 in. (5 cm.) square and 3 ft. (90 cm.) high. Dry compressed air 
from an electric blower was fed into a turning cylinder containing packed dust and provided on 
the inside with three scrapers. Air and finely dispersed quartz were fed into cach of the four 
cabinets and carried to the exterior through a tube leading out of the window of the room. A 
metal treadmill was applied in each cabinet, so that the animals were obliged to move continually. 
This expedient was used in order to increase the pulmonary ventilation and to prevent rats, 
climbing together, from breathing air filtered through their fur. Inhalation in dusting cabinets 
was used rather than intratracheal injections of quartz suspension, in an attempt to produce a 
condition more nearly like that found in human pathology. After a week’s training in a cylinder 
rotating in dust-free air, rats were exposed in the dusting cabinets for seven hours a day, six 


From the Institute of Occupational Health, University of Milan; Director, Prof. Enrico C. 
V igliani. 

This study has been made possible by support received from the Insurance Fund Against 
Occupational Accidents and Diseases. 

* Schiller, E.: Die Wirkung von Steroidhormonen auf die Entwicklung  silikotischer 
Granulome, Verhandlungen der anatomischen Gesellschaft, Heidelberg, April 16-19, 1951. 
+ References 1 and 2. 
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Fig. 1.—Dusting cabinets; the first and third, open, show the metal net cylinder, or treadmill. 
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days a week (except for holidays and periods when the apparatus required adjustment or repair) 
for a period averaging from one to six months, according to the survival of the animals. During 
the nondusting periods and after six months, the rats were transferred to larger cages in dust-free 
air. Counts of the atmospheric dust in the four cabinets were taken from time to time with a 
thermal precipitator and were assigned values in the range of 14,000 particles per cubic centi- 
meter. The accompanying chart (Fig. 2) gives an approximate size distribution of powdered 
quartz. 

The rats were divided into two groups of 10 each. One group received no treatment (control 
group); the other (test group) received subcutaneous injections of cortisone acetate suspension 
(Merck). The amount given was 2 mg. thrice a week. Spontaneous deaths due to infection were 
more frequent among the cortisone-treated rats than among the controls. In the control group 
we could not use for comparison one rat which had died, for extensive pulmonary disease had 
modified the gross and microscopic findings, and another which had disappeared. Because of 
untimely deaths it was not possible to obtain exactly equal days of survival for the two groups 
of animals, but as far as possible sufficient intervals were maintained between killing to permit 
study of the progress of the lesions on a comparative basis. The longest period of survival was 
387 days. The cortisone-treated animals lost weight, and the growth of fur was affected. 


PATHOLOGICAL TECHNIQUE 


The lungs of dead or killed rats were removed and insufflated to normal size with formol- 
saline solution, fixed in formol-saline, and imbedded; sections were stained with hematoxylin- 


Taste 1, 


—Pulmonary Alterations of Rats Exposed to Quartz Inhalation 


Interstitial Productive Alterations 
Daysof -—— = 
Experi- Reticulin Collagenous 

ment Form Size Fibers Fibers Hyaline 

Nodular + Loosely knit — -- 
Nodular Loosely knit -- 
Nodular ++ Compact + 
Nodular ++ 4+ Compact + 
Massive +4+++ Seanty ++++ ++++ 
Massive ++++ Seanty +4+++ 
Massive ++++ Seanty t+++ 
Massive ++++ Seanty ++++ ++++ 


eosin, Mallory-Azan, and Bielschowsky stains. Histological sections were also examined under 
polarized light. In six animals the quartz in the lung was weighed after treatment with the 
Durkan fluoroboric method. 
DEVELOPMENT OF LESIONS 

In the controls the first reaction of the lung tissue to inhaled quartz was the 
appearance of intra-alveolar dust cells, containing phagocytosed quartz. Later, round 
masses of dust cells, with loose reticulin fibers, were to be seen scattered over the 
whole lung, especially in the adventitial connective tissue of terminal and respiratory 
bronchioles and in the distal branches of the pulmonary artery. On continuing with 
the experiments, the number and the size of these perivascular and peribronchiolar 
aggregates of dust cells increased, and the loose reticulin fibers became more 
numerous and compact. The number of free intra-alveolar cells also increased. 
Collagenous fibrosis appeared only after 200 days; at this time the first laminar 
aggregates of dust cells appeared in the perilobular septa in relation to the venous 
adventitial sheaths, so that finally sclerotic strands connected the axial and septal 
lesions, following along the adventitial tissue of the radial vascular pathways of the 
lobulus. This effect must be understood as being the result of deflection of lymph 
toward the periphery of the lobulus when its more direct course along the axial 
pathways is impeded. This proves what Mottura* has shown in human silicosis. 
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During 200 to 300 days the compact reticulin was replaced by a dense collagen, and 
the old dust cells, reduced to globous residues, left their quartz free. In the mean- 
time hyaline degeneration of collagenous fibers was seen inside the nodules. In a 
short time the aodules had conspicuously increased in size, and we could see their 
confluence in collagenous masses. Fibrosis involved the entire lung, and respiratory 
function remained only in small areas dispersed among the fibrotic masses. Within 
the collagenous masses a great quantity of quartz particles could be seen, and the 
intra-alveolar dust cells were still numerous. 

In the cortisone-treated rats lesions identical with those in the controls developed 
up to 270 days. The intra-alveolar dust cells were numerous, and perivascular 
and peribronchiolar concentrations of dust cells were as numerous and as large 
as in the control group. After 300 days a clear difference was noticed between the 
two groups of animals. In the treated rats dust cells were always being renewed 
in the adventitial nodules, so that they kept their cellular aspect. A compact reticulin 
network was a support to this concentration of dust cells. An increase of reticulin 


Tas_e 2.—Pulmonary Alterations of Rats Exposed to Quartz Inhalation 
and Treated with Cortisone 


Daysof — — 


Experi- Reticulin Collagenous ia 
Rat No. ment Form Size Fibers Fibers Hyaline 
91 Nodular + Loosely knit 
180 Nodular Compact + - 
227 Nodular Compact ++ 
235 Nodular ++ Compact 
378 Linear ++ Scanty + 


fibers in the alveolar walls and in the perilobular septa, with numerous dust cells, 
was seen after a full year, and later on swollen collagenous fibers appeared. Some-_ 
times, also, a net-like formation of fibrils within the alveoli filtered in between the 
still numerous dust cells. 

The final aspect of the lesions was therefore built up by numerous nodules of 
moderate size in which the dust cells were still abundant and hyaline was scanty, 
by collagenous fibers among the alveoli and the lobules, which often spread from 
the nodules, and by numerous intra-alveolar dust cells, sometimes supported by 
slight, loose, reticulin fibers. The total amount of silica contained in the lungs was 
determined by Durkan’s method, No difference was noted between the two groups 
of animals that underwent an equal period of inhalation. 


COM MENT 


From the above results it seems possible to conclude that cortisone in initial 
stages has very little influence on the cellular reaction to silica, considering that 
the quality, number, phagocytic activity, and distribution of cells are more or less 
the same in all animals. With reference to the number of intra-alveolar macro- 
phages, no significant difference was noticed between the treated animals and the 
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Fig. 3.—-Cortisone-treated Quartz Rat 6—-180 Fig. 4.—Quartz Rat 8—194 days; dust cells 
days; dust cells agsregates around small arteries aggregates around small arteries and small 


and small bronchi (hematoxylin-eosin * 70). bronchi (hematoxylin-eosin x 70). 


Fig. 5.—Cortisone-treated Quartz Rat 13-317 Fig. 6.—-Quartz Rat 12—302 days; severe coal- 


days; seattered nodules composed mostly of escent nodular fibrosis (Mallory-Azan * 10). 
numerous dust cells (hematoxylin-eosin * 10). ‘ 
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controls, since at early stages, as well as at the more advanced ones, a great number 
of free intra-alveolar macrophages were found in different grades of preservation 
ingesting particles of quartz. These cells were found in the early stages more fre- 
quently in the alveoli near the pleura and bronchi, whereas in rats in which a 
massive fibrosis had developed numerous dust cells were to be seen in the alveoli 
among collagenous and confluent masses. The insufflation with formol-saline solu- 
tion may have been the cause of the collection of the cells in the more peripheral 
and less elastic zones. But this is in contrast to the statement by Harrison, King, 
and co-workers. These authors had found that while in the controls the intra- 
alveolar dust cells started to diminish after 21 days (disappearing completely after 


Fig. 7.—Cortisone-treated Quartz Rat 13— Fig. 8—Quartz Rat 12—302 days; silicotic 
317 days; dust cells aggregated without col- nodules made up of dense collagenous fibers 
lagenous fibers (hematoxylin-eosin « 70). (hematoxylin-eosin & 70). 


89 days) and to be concentrating in closely packed, rounded masses around small 
arteries and small bronchi, in the cortisone-treated rats free intra-alveolar dust 
cells remained visible as late as 195 days and the peribronchial and perialveolar 
masses were smaller. With reference to these facts, they thought that cortisone 
interfered with the migration of dust cells and prevented their accumulating in 
closely packed aggregates. It is not clear what the English authors mean by “migra- 
tion of dust cells.”” Did they mean the passage of the dust cells through the alveolar 
walls, or simply the removal of these cells along the interstitial tissue ? 


It would be easier to think that cortisone, in not allowing the passage of dust 
cells through the alveolar walls and therefore favoring their persistence in the 
alveoli, prevents their accumulation in compact periarterial and peribronchial 
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cellular aggregates. In histological sections the passage of these cells from the 
alveoli to the interstice has never been noticed, and we agree with Mottura* that 
it does not seem likely that this mechanism may be affected on a large scale. In 
fact, phagocytosis of silica particles provokes biological modifications in the cells, 
reducing deformability and mobility. Besides, in cortisone-treated animals, the 
adventitial cellular aggregates have had a start and a development more or less 
equal to that of the controls, up to 250 days. Therefore, it does not seem to have 
had any influence on the mobility of interstitial phagocytes. 

Such a difference of opinion may be due to different techniques. Whereas the 
animals of the English authors survived 230 days after one intratracheal injection 
of silica, our animals survived about the same period (200 days), but they had 
inhaled silica for six months. Larger total amounts and irritating prolonged stimuli 
may have upset the mechanism of dust dispersal by impairing the lymph movement, 
so that in the early stages a different behavior of the cellular reaction in the two 
groups of animals was produced, either in the alveoli or in the periarterial and 
peribronchial adventitia. In addition, the much higher amounts of cortisone used 
by the English authors may be sufficient to explain a more important preventive 
action on the cellular action to silica. Our experiments show an enormous difference 
in the final aspects. After nine months, in the controls the confluent, collagenous, 
partially hyaline masses deform the lung structure to such an extent that it often 
becomes difficult to recognize the organ; the reticulin fibers are scanty and are 
localized to the periphery, the phagocytes being very rare indeed. On the contrary, 
in the cortisone-treated animals the nodules are small; their dislocation is always 
to be seen; the reticulin fibers are still numerous, and the collagenous fibers are 
scanty and show a minor hyaline degeneration. It appears that cortisone intervenes 
at the moment of the transformation of reticulin to collagenous fibers, arresting, 
or at least delaying, such an evolution. 

In the treated animals, interalveolar and interlobular strands are found near the 
nodules, formed by reticulin and collagenous fibers, partially hyaline and with few 
cells, most of which are macrophages. It may be that an interstitial infective disease 
favored by cortisone has developed, supplying a further stimulus to the production 
of macrophages in animals whose mesenchyma reacts to different kinds of stimuli 
in a unilateral way because of the silica. Later on these interstitial cellular aggre- 
gates might give rise to the above-described sclerotic strands. 

Cortisone in the doses used by us has a direct effect on the evolution of fibrosis, 
delaying its development, retarding the maturation, or keeping it limited, inde- 
pendent from any interference on the cellular migration and proliferation. 


SUMMARY 


Twenty rats were exposed seven hours a day for an average period of one to 


six months to an atmosphere containing about 14,000 particles of pure quartz per 


cubic centimeter. Ten animals were injected thrice a week with 2 mg. of cortisone, 
and 10 were kept for control. Some animals died spontaneously, of different causes ; 
some were killed. Eight animals, of which four were controls and four were treated, 
survived more than 300 days, having breathed in the dusty atmosphere for a total 
of 816 hours. 


321 


a 
‘ 


INDUSTRIAL HYGIENE 


AND OCCUPATIONAL 


MEDICINE 


In the controls the first reaction of the lung tissue to inhaled quartz was the 
appearance of intra-alveolar dust cells containing phagocytosed quartz. Later, round 
masses of dust cells appeared in the connective periarteriolar and peribronchiolar 
tissue. Still later, the number and size of the adventitial cellular aggregates increased 
gradually ; reticulin fibers appeared, first loose and then more compact; later on, 
after 200 days, some collagenous fibers were to be seen. No histological difference 
in the two groups of animals was noted until the 270th day; after this time the 
collagenous fibers increased considerably in the control rats, owing to a decreased 
production of macrophages in the new-formed connective tissue. Meanwhile, in the 
nodules, hyaline degeneration was to be found. The mature nodules became rapidly 
larger and more confluent in great hyaline masses, deforming the lung structure 
to such an extent as to render it difficult to recognize that organ. 

In the cortisone-treated rats the nodules remained small and were mostly com- 
posed of macrophages ; reticulin fibers were still numerous ; collagenous fibers were 
very scanty, presenting a minor hyaline degeneration. Only in the advanced stages 


did fibrosis, with large strands, appear, characterized by linear fibrosis, which did 
not deform the lung structure. 


Therefore, we may say that cortisone to the amount of 2 mg. thrice a week had 
very little influence on the initial cellular reaction to silica, whereas cortisone, in 
delaying or preventing the transformation of reticulin into collagenous fibers, pre- 
cluded the progressive increase of the nodules and, above all, their confluence in 
fibrotic masses. 
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COLORIMETRIC METHOD FOR DETERMINATION OF RED BLOOD 
CELL CHOLINESTERASE ACTIVITY IN WHOLE BLOOD 


JOSEPH H. FLEISHER, M.S.P.H. 
AND 


ELEANOR J. POPE, A.B. 
ARMY CHEMICAL CENTER, MD. 


N RECENT years there has arisen a need for a rapid method of determining 

ChE* activity of persons exposed to Anti-ChE substances through employ- 

ment in factories manufacturing the concentrated material or while applying these 
substances in agricultural operations. 

Brown and Bush ' applied the continuous titration method to the determination 
of ChE activity of 12 persons exposed to parathion. Their method required 10 ml. 
of blood and 20 minutes of continuous titration per sample. The necessity for veni- 
puncture and the considerable time needed for analysis of the large number of sam- 
ples to be expected in routine screening procedures have militated against the use 
of this method. 

Somewhat earlier, Michel * had reported an electrometric method for estimating 
plasma and red cell ChE activity which possessed the advantages of simplicity and 
the possibility of doing a large number of determinations in a relatively short time. 
Subsequently, Marchand * showed that blood from a finger puncture could be 
transferred to a heparinized glass capillary tube and later assayed by the electro- 
metric procedure. This modification found wide use as a check upon the ChE activ- 
ity of persons subjected to the hazard of accidental inhalation or skin absorption of 
Anti-ChE insecticides. 

More recently, MacDonald and associates * modified the buffer used in the 
Michel technique to permit the use of whole blood instead of plasma and red cells. 
They showed that by lowering the initial concentration of substrate to 0.0025 M the 
predominant ChE activity measured in the whole blood was that of the red cells. 


This use of low concentrations of AcCh has also been applied by us to permit 
the determination of red blood cell cholinesterase in whole blood by a colorimetric 


From the Enzyme Chemistry Branch, Chemical Corps Medical Laboratories. 

Dr. Francis Marzulli and his staff furnished the blood samples obtained in the course of 
making the in vivo tests mentioned in this report; Mr. De Armon and his staff did the evalua- 
tion of statistical data from the population survey, and Dr. Bernard J. Jandorf supplied helpful 
criticism of the manuscript. 

* The following abbreviations will be used in the text: ChE for cholinesterase; Anti-ChE 
for anticholinesterase; AcCh for acetylcholine; DFP for diisopropylphosphorofluoridate ; 
TEPP for tetraethylpyrophosphate; IDs for the molarity of agent required for 50% reduction 
of the cholinesterase activity of the control. 
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method. As will be shown, the colorimetric method has the advantages of more 
rapid analysis, relative simplicity of operation, and greater specificity than other 
currently available procedures. 

The method to be presented depends upon the quantitative determination of 
small quantities of AcCh in solution. Hestrin® showed that AcCh reacts with 
hydroxylamine to form acethydroxamic acid: 


+ + 
CHsCO.OCHs.C Hz.N (CHs)s + NH,OH — CHsCO.NHOH + HO.CH2.CHe.N(CHs)s 


The acethydroxamic acid forms a soluble colored complex with ferric ion in acid 
solution whose color intensity is proportional to the concentration of AcCh present 
at the time of addition of hydroxylamine reagent. 

This reaction has been applied to the determination of ChE activity. A known 
amount of AcCh is incubated with whole blood in the buffered medium suggested 
by Metcalf.” At the end of the incubation period, the mixture is reacted with alka- 
line hydroxylamine, which stops further enzymatic hydrolysis and converts the 
remaining AcCh to acethydroxamic acid. Under suitable conditions the rate of 
disappearance of the ester is an expression of the enzymatic activity of the blood. 
While whole blood is used as a source of AcCh-splitting enzymes, conditions have 
been chosen in such a way that the erythrocytes in the sample represent 80% or 
more of the total activity measured. The term “blood cholinesterase” when used in 
the text therefore refers very largely to the red cell ChE activity. The small con- 
tribution made by the plasma does not interfere with the use of the method as an 
index of intoxication with anticholinesterases, as will be discussed in greater detail 
below. 

The data on which the method is based have been obtained with use of human 
whole blood within 24 hours after sampling. While the method is applicable in 
principle to the blood of other species, the conditions for a correct application would 
require prior experimentation. 


EXPERIMENTAL METIIOD 


A. MATERIALS AND EQUIPMENT 


(1) Phosphate buffer, 0.134 M, pH 7.2: prepared by mixing 7 parts by volume of a solution 
of 23.752 gm. of NasHPO,.2H.O per liter and 3 parts of a solution of 18.156 gm. of KH»PO, 
per liter; pH adjusted to 7.2 if necessary. 


(2) Acetylcholine, 0.04 M: prepared with 0.7266 gm. of acetylcholine chloride (Merck) in 
100 ml. of 0.001 M acetate buffer, pH 4.5; stable indefinitely in the cold. 


(3) Acetylcholine, 0.004 M: Solution 2 diluted with 9 volumes of phosphate buffer (Solu- 
tion 1); made daily in quantity required for the analyses. 


(4) Hydroxylamine hydrochloride, 2 M: made with 27.8 gm. dissolved in distilled water to 
200 mil.; discard after two weeks. 

Solutions 1 to 4, inclusive, are kept refrigerated when not in use, 

(5) Sodium hydroxide, 3.5 M: made with 28 gm. dissolved in distilled water to 200 ml. 

(6) Alkaline hydroxylamine: equal volumes of Solutions 4 and 5, mixed shortly before use 
in a quantity required for the samples being analyzed; made up freshly for each set of samples 
run. 

(7) Hydrochloric acid: concentrated acid, specific gravity 1.18, diluted with 2 volumes of 
water. 

(8) Ferric chloride, 0.37 M: made with 10 gm. of FeCl6H:O to 100 ml. in 0.1 N HCl. 

(9) Klett-Summerson photoelectric colorimeter with Filter 54. 
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B. ProcepurE 


Determination of Cholinesterase Activity—Whole blood samples for ChE activity determina- 
tions are obtained by pricking the finger with a lancet and drawing 50 microliters of blood into a 
capillary pipette. The blood is rinsed into 0.95 ml. of 0.01% saponin solution contained in a 
test tube. A second identical sample of 50 microliters of blood in 0.95 ml. of saponin solution is 
then prepared and set aside for the control determination. 

To the first sample 1 ml. of 0.004 M AcCh is added at zero time; they are mixed, and the 
sample is incubated at 25 C. For the control, 1 ml. of 0.004 _M AcCh solution is incubated in a 
separate tube along with the experimental sample. After exactly 10 minutes the reaction is 
stopped by the addition of 4 ml. of alkaline hydroxylamine reagent, with vigorous shaking, to 
both experimental and control samples. After a wait of at least one minute, the 50 microliters 
of blood in 0.95 ml. of saponin solution which had been set aside is poured into the control 
solution of AcCh. Then, 2 ml. of HCl reagent is added to each sample,+ followed by 2 ml. of 
ferric chloride reagent, with mixing after each addition. The solutions are filtered through 
Whatman No. 40 filter paper, and the color is read in the colorimeter 10 minutes after the 
addition of the ferric chloride, the colorimeter having been previously set to zero with water. 


The relation between AcCh concentration and colorimeter readings is linear well 
beyond the range of concentrations encountered (highest amount tested is 8 micro- 
moles of AcCh), with a slope of approximately 50 Klett units per micromole of 
AcCh. Therefore, the following formula may be used in the calculation of results: 
micromoles of AcCh in sample = R,/R, & 4.0, where R, and R, are the colorimeter 
readings of the experimental and the control samples, respectively. Furthermore, 
the value of 4 (1 — R./R,) represents the number of micromoles of AcCh which 
disappeared during the incubation in the presence of 50 microliters of blood and 
has been used to express the ChE activity of a given blood sample. 

Strictly speaking, the control sample represents the amount of AcCh not subject 
to spontaneous, nonenzymatic hydrolysis during the time of incubation, rather than 
the original 4+ micromoles of AcCh added. However, it has been determined 
repeatedly that under the conditions of the determination no measurable non- 
enzymatic hydrolysis of AcCh takes place. Consequently, the colorimetric reading 
of the controls has been taken as that given by 4.0 micromoles of AcCh, 


C. Resutts 
1. Reproducibility of the Colorimetric Method for Determining the ChE Activity 
of Whole Blood. —Six 50 microliter samples of whole blood from one subject were 
incubated with AcCh, followed by analysis of the residual AcCh as outlined previ- 
ously. The average activity of these samples was 2.48 micromoles of AcCh, with a 
standard deviation of the mean of + 0.024 micromoles. The variation in the method, 
as determined by the ratio of the standard deviation to the mean, is approximately 


1%. 


2. Effect of Quantity of Whole Blood Taken on Acetylcholine Hydrolysis — 
Chart 1 shows the amount of AcCh hydrolyzed by 10 to 50 microliters of whole blood 
in a 10-minute incubation period. The results indicate a linear relationship between 
quantity of blood and amount of AcCh hydrolyzed. The reproducibility of the data 


+ Addition of HCl may be carried out at any time between one and three minutes after the 
addition of alkaline hydroxylamine reagent, provided that this time interval is kept constant 
for all samples. The addition of ferric chloride reagent may be delayed for 30 minutes, but it 
should also be added to all samples at an approximately equal time interval following the 
previous acidification with HCI. 
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Chart 1.—Relation of cholinesterase activity to quantity of whole blood taken. 
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Chart 2.—Whole blood cholinesterase activity as a function of time of reaction with sub- 
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at the low rates of breakdown of AcCh resulting from the incubation of substrate 
with 10 microliters of blood was found to be equal to that obtained with 50 micro- 
liters of blood. 


3. Effect of Length of Incubation on Acetylcholine Hydrolysis—Chart 2 shows 
the amount of AcCh hydrolyzed by 50 microliters of blood during time intervals 
ranging from 0 to 18 minutes. The results indicate that the amount of AcCh 
hydrolyzed under the standard experimental! conditions is a linear function of time 
through the 10-minute interval chosen for the incubation period, despite the fact 
that 60% of the AcCh originally added had been hydrolyzed. 

As will be shown later, there is a small percentage of subjects whose whole blood 
ChE activity is in excess of 2.55 micromoles of AcCh hydrolyzed under the condi- 
tions of the technique described in this paper. For these persons Chart 2 indicates 
a slight departure of the activity from linearity. This is not regarded as producing 
significant error in the determination of Chl activity in this group. 


TaBLe 1.—Acetylcholine Hydrolyzed by Fifty Microliters of Whole Blood in Ten Minutes 
at Twenty-Five Centigrade* 


Acetyleholine Hydrolyzed, 
Mieromoles 


Continuous 
Colorimetric Titration 
Method Method 
246 2.08 
2.47 


246 


2.70 
3.08 
2.74 


* Amount of AeCh added was 4.0 micromoles. 


4. Cholinesterase Activity by the Colorimetric Method and by Constant pH 
Titration.—A comparison was made of the method here described and a constant 
pH procedure based upon that reported by Glick * but adapted to the same condi- 
tions of pH, temperature, and substrate concentrations as used for the colorimetric 
method. 

Fifty-microliter aliquots of blood were rinsed into 0.95 ml. of 0.001 M sodium 
barbital, pH 7.2, contained in a 5 ml. beaker maintained at 25 C. This solution was 
placed under the electrodes of a Beckman Model G pH-meter, the pH readjusted to 
7.2, and 1 ml. of 0.004 M AcCh in 0.6 M KC1-0.001 M sodium barbital added with 
stirring. Small volumes of 0.01 M NaOH were then added at frequent intervals 
so as to maintain the pH at 7.2. The volume of NaOH and the time at which the 
galvanometer needle of the pH-meter registered 0 at pH 7.2 were recorded. From 
the slope of the line relating micromoles of alkali added with time, the micromoles 
of acid produced for a 10-minute interval could be ascertained. Other replicate 
samples were admitted to the usual colorimetric procedure. Results are given in 
Table 1. 

It may be noted that the reproducibility of the colorimetric method compares 
favorably with that obtained by the constant pH procedure. The slightly higher 
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activities resulting from the activating effect of the salts necessary for the constant 
pH procedure may be duplicated in the colorimetric method in the presence of the 
same salt concentration. 

5. Variation of Normal Blood Cholinesterase Values in Adults —(a) Sex Vari- 
ation: A group of 25 male and 25 female adults ranging in age from 22 to 42 years 


G GG. 


NUMBER OF INDIVIDUALS 


180- 1.95- 210- 225- 
194 209 224 239 


2.54 


Chart 3.—Distribution of whole blood cholinesterase activity in 25 male adults. 
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1.95- 2.10- 2.25- 240- 255- 
194 209 224 239 254 269 


Chart 4.—Distribution of whole blood cholinesterase activity in 25 female adults. 


and presumed to be in normal health were analyzed for whole blood ChE activity by 
the colorimetric technique using duplicate samples from each subject. Charts 3 
and 4 show the range of activity. It may be seen that the distribution follows an 
approximately normal pattern. In addition, Table 2 presents the mean value of the 
ChE activity found for each sex, the standard deviation, the coefficient of variation, 
and the limits of variations to be expected based on a 95% level of probability. For 
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purposes of comparison, data from recent surveys made in England by Aldridge and 
Davies * and by Callaway and co-workers ® are included. 

(6) Individual Variation: One of the purposes of this paper is to facilitate 
the recognition of abnormal values of ChE with the minimum number of observa- 
tions. Consequently a study was made of individual variation in ChE values at 
different time intervals for the purpose of setting normal limits beyond which a fall 
could be attributed to absorption of an anticholinesterase agent. This was done by 
determining the ChE activity of duplicate blood samples from 16 adults taken at 


TasBie 2.—Variation of Cholinesterase Values in Adults 


Coeffi 


client 
of Limits 
Varia- for 95% 
Subjects, tion, of the 
Method Enzyme Source No. Mean & S.D % Population 
Colorimetrie (present investigation)...... Whole blood 25 males 238° 0.18 7.6 1.93-2.83 || 
25 females 2.18*= 0.18 1.73-2.63 |} 


Manometrie (Callaway & others *)....... Plasma 28 +194 21.7 57-143 
Red cells 145 108.2% + 16.7 15.4 69-131 


A pH (Aldridge & Davies *)............... Whole blood 230 111 § + 13.4 21 8-129 


* Miecromoles of AcCh hydrolyzed by 50 microliters of whole blood in 10 minutes at 25 C., pH 7.2; substrate, 
AcCh, 0.002 M. 

t Unit of enzyme activity, microliters of COz produced in 30 minutes at 37 C., pH 74, by 1/30 ml. of plasma; 
substrate, AeCh, 0.06 M. 

$ Unit of enzyme activity, microliters of COs produced in 30 minutes at 37 C., pH 74, by 1/30 ml. of red 
blood cells; substrate, AeCh, 0.006 M. 


§ Cholinesterase number, the fall in pH produced by 0.1 ml. of whole blood in one hour at 25 C. & 100; 
initial DH, 8.1; substrate, AeCh, 0.015 M 


| Ninety-five per cent tolerance limits of the population within a 99% probability 


TABLE 3.—Minimum Differences for Recognition of Subnormal Blood Cholinesterase Activity* 


Value of 

a Signifleant 

Decrease 

Number of Prior in Micromoles 
Estimations ¢ of AeCh 
O24 
0.21 
0.20 
0.19 
O18 


* Use of the table requires performance of the analysis exactly as outlined in the text. 
+ It is assumed that at least one previous estimate of whole blood activity is available Where estimates 


for more than one time interval are available, the difference between their mean and the eurrent measurement 
is referred to the table above. 


weekly intervals for a period of three weeks. The precision of any single determi- 
nation was found to be + 0.06 micromoles of AcCh. Table 3, which is based on an 
estimate from an analysis of variance, relates within a 95% level of probability the 
magnitude of a significant fall of ChE activity to the number of previous estimates 
of such activity in any one individual. 

6. Residual Blood Cholinesterase Activity After Partial Inactivation. with 
Paraoxon,t DFP, and TEPP Added in Vitro.—I\t was considered important to 
obtain information on the correlation of the degree of inactivation of whole blood 
as determined by the colorimetric procedure with that of the red cells following incu- 


Paraoxon is O,O-diethyl-O-paranitrophenyl phosphate. 
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bation with Anti-ChE agents. First, the relation between the degree of inactivation 
of whole blood and the quantity of Anti-ChE agent used was ascertained. 

Fifty microliters of blood in 0.25 ml. of 0.01% saponin solution was incubated 
with varying concentrations of inhibitor in 0.1 ml. of saponin solution for 24 hours 
at 25 C. The volume of the incubation mixture was brought to 1 ml. with more 
saponin solution, and the residual enzymatic activity was determined. From the 
straight line relating molar concentration of Anti-ChE in the 0.4 ml. of incubation 
mixture to residual activity, the [Dso’s for these agents were estimated (Table 4). 


Taste 4.—Molar Concentrations of Anticholinesterases Required For Fifty Percent Residual 
Cholinesterase Activity in Vitro 


Compound Whole Blood Human Plasma Human Red Cells 


hades 3.5 10-5 * 5 xX 3.5 X 10-8 


* This study. 
+ Metcalf.* 


Grob? 


Taste 5.—Blood ChE Activity Following Partial Inactivation with Paraoxon, DFP, and TEPP 


a) (2) « (4) (5) (6) (7) 
Amount AcCh 

oft Source Hydrolyzed, Hydrolyzed, Residual 

Concentra- Source of Used, Micromoles; Micromoles; Activity, 
Anti-ChE tion, M Enzyme Mieroliters Saline Added Agent Added % 
Paraoxon 14 107 Whole blood 2.38 1.6 66 
Plasma 100 1.64 0.70 43 
RBC 20° 1.31 2 


Whole blood La 
Plasma 100 1.42 O14 10 
RBC 1.98 


TEPP lO? Whole blood 2.51 1.80 75 
Plasma 100 164 0.16 10 
RBC 20" 1.96 1.81 


* Fifty microliters of mixture = 0.2 ml. of packed cells + 0.3 ml. saline solution. 
t WO uwl. of mixture = 0.2 ml. of packed cells + 0.2 ml. saline solution. 


It may be noted that these [Ds9’s, as determined on whole blood by the colori- 
metric method, are in close agreement with those obtained for red cells by other 
investigators. Further, they differ considerably from published [D59 values for 
plasma. The colorimetric method would appear to be weighted heavily in terms 
of demonstrating the effects of anticholinesterases upon the cells rather than the 
plasma, Additional evidence for this will now be presented. 

7. Relative Contribution of Red Cells and Plasma to Whole Blood Cholin- 
esterase Activity Before and After Partial Inactivation with Paraoxon, DFP, and 
TEPP.—Isotonic NaCl, 0.04 ml., containing DFP, TEPP, or Paraoxan was added 
to 1 ml. of freshly drawn blood to yield the final concentrations of anticholinesterases 
shown in Table 5. A control containing 1 ml. of blood and the same quantity of 
NaCl was run simultaneously. Both samples were incubated for 24 hours at 25 C., 
and 50 microliter aliquots were then removed from each to test the residual ChE 
activity on whole blood in the usual way. 
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The remainder of each blood sample was centrifuged at 2,000 rpm for 20 minutes, 
and the plasma was separated. The red cells were washed twice with two volumes 
of 0.9% NaCl, centrifuged at 2,000 rpm for 20 minutes after each washing, followed 
by the complete removal of the saline supernatant. Red blood cells, 0.2 ml., of both 
the control and the partially inactivated specimen were diluted with 0.3 ml. of 0.9% 
NaCl in the case of the Paraoxon and TEPP studies and with 0.2 ml. of NaCl in 
the case of DFP. One hundred-microliter aliquots of undiluted plasma and 50 
microliter aliquots of the diluted red cells were analyzed for ChE activity along with 
the previously removed whole blood samples. Results with these agents are presented 
in Table 5. 


From the three sets of control values it may be calculated that under our condi- 
tions of analysis a given volume of packed red cells has 5.43, 6.12, and 5.97 (average, 
5.84) times the ChE activity of an equal volume of plasma. In other words, assum- 
ing an average normal hematocrit value of 45%, red cells account for 83% of the 
total activity measured. This method of calculation was validated in the case of 
the experiment with Paraoxon, in which the hematocrit value was determined to be 


TABLE 6.—Cholinesterase Activities Following Exposure to Anticholinesterases 


Normal Activity, % 


: ApH Method, Colorimetric Method, 
RBC Whole Blood 


Subject 


40%. In this case the sum of the determined red cell and plasma activities, corrected 
for the hematocrit reading, was 96% of the actually determined value for whole 
blood. 

The data in Table 5 show further that, while inactivation of plasma by the three 
inhibitors was much greater than that of the red cells, the measured degree of inacti- 
vation of whole blood is comparable with that found for red cells. 

8. Determination of In Vivo Exposure to Anticholinesterases by the Colorimetric 
Method.— Measurements of blood ChE activity of six persons reported to have 
been exposed to anticholinesterases were made by the colorimetric procedure on 
whole blood and by the A pH method * on red cells from a second portion of the 
same venous blood sample in an independent laboratory. Results, presented in 
Table 6, show no significant differences between the two laboratories in the ChE 
levels found for each of the persons tested. 


COM MENT 


In any method for the determination of blood ChE activity, the use of whole 
blood, rather than of separated red cells, has the obvious advantage of eliminating 
the labor involved in a routine processing of large numbers of blood samples. How- 
ever, any such method is open to the criticism that the plasma ChE is measured 
along with the red cell enzyme. The esterase activity of the plasma has been shown 
to be more variable in unexposed persons *; to be significantly lowered in some 
conditions other than exposure to anticholinesterases, such as liver disease,'' mal- 
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nutrition,’* and pernicious anemia,'* and, finally, to be less closely correlated with 
the ChE levels of the nerve tissues whose depression is responsible for the symptoms 
of poisoning than is the red cell enzyme.'* Consequently, whole blood ChE mea- 
surements could be misleading and difficult to interpret except in cases of poisoning 
severe enough to cause an immediate profound depression of both types of enzyme 
if the plasma esterase constituted a considerable part of the activity measured. 

The use of acetyl-@-methylcholine (Mecholyl) as a specific substrate for deter- 
mining red blood cell ChE activity in whole blood is one way of eliminating the 
objection to the use of whole blood. This method would be useful for the deter- 
mination of normal cholinesterase activities. It would be considerably less sensitive 
to the low rates of ChE activity characteristic of poisoned persons than a method 
employing AcCh, inasmuch as AcCh is hydrolyzed two to three times more rapidly 
than acetyl-8-methylcholine."® 

A second method of obtaining a direct measurement of red cell ChE activity in 
whole blood is to use AcCh at low concentrations. Mendel and Rudney ' have 
shown that low concentrations of AcCh favor the activity of the red cell esterase 
over that of the plasma enzyme. Subsequently Augustinsson '? reported the con- 
centration of AcCh for optimum red cell ChE activity to be 0.002 M to 0.003 M. 
Our data show that at an initial level of 0.002 M AcCh a given volume of red cells 
hydrolyzed AcCh approximately six times as fast as an equal volume of plasma. 
Since the esterase activity of the red cell fraction of the blood predominates, any 
change of the red cell activity in whole blood due to partial inactivation by anti- 
cholinesterases is also reflected preferentially (Tables 4 and 5) and forms the basis 
for the use of whole blood instead of the red cells. 


The principle of colorimetric determination of residual AcCh has been applied 
successfully by de la Huerga and co-workers '! to the assay of plasma ChE levels 
in liver disease. This procedure cannot be used to evaluate exposure to anticholin- 


esterases since symptoms of intoxication appear to be correlated with levels of 
“true” (i. e., red blood cell) acetylcholinesterase rather than with those of the non- 
specific plasma esterases. 

That the diagnostic value of the colorimetric method applied to whole blood is 
equal to that of tests designed solely for use with red cells is brought out by the 
studies presented in Table 6. No significant differences were discernible between 
the ChE level of any given subject measured by the electrometric method, using 
red cells, and ChE level measured by the colorimetric method, using whole blood. 

Controlled conditions available in in vivo studies on experimental animals 
allow estimations of ChE levels before and after exposure. This may not be possible 
in practice for human beings. In such a situation, the problem involves the inter- 
pretation of results based upon the analysis of a single specimen obtained after 
exposure. The meaning of such analyses in terms of absorption of anticholin- 
esterases depends upon the ability to recognize an abnormally low level of ChE 
activity in the blood sample taken. This study has attempted to provide for such 
a contingency by setting the limits of normal variation of whole blood specimens, and 
these have been given in Table 2. While the number of subjects in this study is 
smaller than in those made by the British investigators, it is large enough to validate 
the normal limits of ChE activity to be found in a random population. The sex 
difference is accounted for by the fact that the average hematocrit values for adult 
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males are about 9% higher than those for adult females.’* Consequently it would 
be expected that a determination of ChE activity using whole blood but based largely 
on the activity of the cells would show a sex difference of similar magnitude in 
ChE activity. Table 2 shows the mean ChE activity of the men to be 9% greater 
than that of the women. 

While the range of ChE values in a random population is rather large, the range 
of individual variation is considerably smaller (Table 3). Consequently, it is 
possible for a person exposed to and absorbing a ChE inhibitor to exhibit a blood 
ChE activity which is significantly depressed below his own normal level but is still 
within the limits of normality for the population. It is therefore advantageous to 
have at least one previous estimate of a subject's blood ChE value. Where such an 
estimate is not available, the ChE measurement must be referred to the population 
limits of Table 2. It is reassuring that the lower normal level of the population 
is still well above the highest level at which symptoms of systemic poisoning are 
likely to become apparent.'* 

SUMMARY 


A colorimetric method for the determination of cholinesterase activity based 
upon the measurement of acetylcholine remaining after controlled incubation with 
whole blood is presented. 

Under the conditions employed approximately 80% of the measured activity 
is due to the red cell cholinesterase. 

The colorimetric method shows close correlation with electrometric methods 
using red cells in determining the depression in cholinesterase activity due to cholin- 
esterase inhibitors in vitro and in vivo. 

Whole blood cholinesterase determinations on 50 microliter samples taken by 
finger puncture on 25 male and 25 female normal human adults averaged 2.38 and 
2.18 micromoles of acetylcholine, respectively, hydrolyzed in 10 minutes at 25 C. 
Limits for 95% of all future observations from normal male adults were found to 
be between 1.93 and 2.83 micromoles of acetylcholine ; those from normal females, 
between 1.73 and 2.63 micromoles of acetylcholine. On a relative basis, these values 
correspond to a range of approximately 80 to 120% of the mean in each sex. 

Individual variation was studied in 16 persons by examining blood samples at 
three separate occasions. The value for a fall in enzyme level necessary to indicate 
departure from normal was estimated and found to be considerably smaller than 
that for a random population. 

The colorimetric procedure presented in this report has the following advantages : 

1. The time and labor required in routine centrifugation, separation, and wash- 
ing of red cells are eliminated. 

2. The over-all time of 25 minutes required for an analysis permits a more rapid 
estimation of cholinesterase activity than is afforded by any other method offered 
heretofore. 

3. The rapidity and technical simplicity of the method render it a valuable test 
for routine screening of personnel working with or near anticholinesterase agents. 


4. Since the method determines the amount of acetylcholine remaining after 
exposure to enzyme action rather than the amount of acetic acid formed, it is 
especially suitable for measuring the low cholinesterase activity found in persons 
poisoned with anticholinesterases. 
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RADON INHALATION STUDIES IN RATS 

To the Editor:—I wish to protest about the use of terms by Cohn, Skow, and Gong (A. M.A. 
Arcu. Inpust. HyG. 7:508, 1953) which have no scientific sanction. 

The general terms for use in radioactivity were laid down at an International Congress 
in 1911, the chief contributers bearing the names Rutherford, Curie, and Soddy; since then 
these terms have been in world-wide use. 

Apparently the authors think that these terms are inadequate. In their article (supra) 
they are dealing with the simple complex of radon in or out of equilibrium with its disintegra- 
tion products; in this case, active deposit of short life, or, briefly, the active deposit. 

The authors begin on page 509 with “daughter products” of radon, continue with “air-borne 
daughter products,” “radon-daughter equilibrium,” and “radon daughters” (sons are at a dis- 
count!), and then land themselves and their readers into such a morass as “the rate of deposition 
of the daughters on filter-paper collectors.” One final absurdity on page 513 is “the radon- 
daughter atmosphere” ! 


Enough has been said, I hope, to show what can happen when people begin to tinker with 
terms that should command respect. 


Sipney Russ, 
Professor Emeritus, University of London. 


To the Editor:—We were interested in the comments of Professor Russ, and we are at 
the same time rather astonished that the term “daughter products,” or “radon daughter,” which 
is in such wide use today, should be called into question. 

Since 1911, when the International Congress accepted the term “active deposit of short life,” 
or “active deposit,” for the products in the radium-decay chain, a host of new terms have come 
into use, concomitant with the vastly enlarged scope and depth of research and application of 
radioactive phenomena. Some of these terms have been accepted as useful and, having proved 
their usefulness in action, have received official acceptance by bodies authorized to perform 
this function. Other terms, not having met the rigorous requirements of everyday scientific 
use, have been discarded. Invention and trial is the essential process of a living language, and 
the terms approved by international bodies must be regarded as subject to change in the light 
of advances in knowledge. 

We are of the opinion that the term “daughter element” or “daughter product” has received 
common acceptance by most of the present workers in the field of nuclear physics and radiation 
biology, as indicated by the widespread use of the term. As early as 1938, we find the term 
“daughter element” used in reference to radium disintegration products in Hevesy and Paneth’s 
“Manual of Radioactivity” (London, Oxford University Press, 1938). The first of these authors 
was a Nobel Prize winner, and the second was a colleague of both Rutherford and Soddy. 

The production of artificial isotopes has made necessary the use of new terms of wider 
adaptability to describe the products formed from the decay of radioactive parent elements. 
Enrico Fermi, for example, devotes a section of his book “Nuclear Physics” (Chicago, Univer- 
sity of Chicago Press, 1950) to “parent-daughter activities.” Such standard texts in the field 
as Pollard and Davidson's “Applied Nuclear Physics” (New York, John Wiley & Sons, Inc., 
London, Chapman & Hall, Ltd., 1942), Rasetti’s “Elements of Nuclear Physics” (New York, 
Prentice-Hall, Inc., 1936), Friedlander and Kennedy's “Introduction to Radiochemistry” (New 
York, John Wiley & Sons, Inc., London, Chapman & Hall, Ltd., 1949), Siri’s “Isotopic Tracers 
and Nuclear Radiations” (New York, McGraw-Hill Book Company, Inc., 1949), and Glasstone’s 
“Sourcebook on Atomic Energy” (New York, D. Van Nostrand Company, Inc., 1950), in their 
discussion of radioactive decay and growth, all refer to the “parent-daughter relationship.” 

Finally, concerning the sex of radioactive decay products, it is stated in “Webster’s New 
International Dictionary of the English Language” (Ed. 2, Springfield, Mass., G. & C. Merriam 
Company, 1944) that “daughter” can be defined thus: “Without reference to sex, having the 
relation of offspring of the first generation, or resulting from a primary division.” 


STANTON H. Coun, 


U. S. Naval Radiological Defense Laboratory, 
San Francisco. 
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General 


INTERNATIONAL LABOUR CONFERENCE, THIRTY-SIXTH SESSION, GENEVA, SWITZERLAND, 
June 4 vo 25, 1953. Report py DELEGATES FROM THE UNITED KINGDOM OF GREAT 
Britain AND NORTHERN IRELAND. Her Majesty's Stationery Office, 1954. 


The International Labor Organization came into existence with the now defunct League of 
Nations, its functions having been continued by the League’s successor, the United Nations. It 
aims at establishing among the member nations certain standards for promoting the health and 
welfare of working people. The Conference, according to this report, considered conventions or 
recommendations having the status of international regulations. The mere adoption of such regu- 
lations is not sufficient unless each member state creates for itself a labor department entrusted 
with the duty of enforcing the regulations; on this point the Conference made a_ strong 
suggestion. The examples of the United States, with a labor department for each state, and 
of Great Britain, with one central department, set a pattern. Matters concerning financial and 
budgetary questions were settled, and an enlargement of the Governing Body was decided upon. 

One agreed recommendation was that the competent authority in each member state should 
draw up and revise from time to time a list of notifiable occupational diseases or classes of cases, 
together with a symptomatology. In order to assist the members, the International Labor Office, 
in consultation with the World Health Organization, was invited to prepare such a list and to 
keep it up-to-date. Another recommendation urged member states to encourage the training 
of physicians in occupational health, to study the organization of industrial health services, and 
to report upon this matter to the Governing Body. A further recommendation laid down that 
young persons under 16 years of age should not be employed underground in coal mines and 
that young persons between 16 and 18 should be employed underground only for apprenticeship 
and vocational training or under other conditions which were specified. 


Technical measures for the control of risks to the health of workers were embodied in a 
recommendation which dealt with cleanliness, overcrowding, lighting, atmospheric conditions, 
sanitary conveniences, cloakrooms, canteens, noise, and the storage of dangerous substances. 
This recommendation was also concerned with substituting harmless substances or processes 
for harmful ones, with preventing harmful substances or radiations from escaping into the 
air, with isolating harmfal processes and carrying out such operations in enclosed apparatuses, 
with controlling dusts, gases, fibers, mists, or vapors liable to injure health and removing them 
by exhaust ventilation, with informing workers of any risks associated with their work, and 
with testing periodically the air liable to be contaminated by harmful substances. 

Recommendations also covered preemployment and periodic medical examinations where 
hazards to health exist, notification of occupational diseases, and provision of first aid facilities. 
Great advance must follow if the recommendations are followed up by member states whose 
representatives were present; among these states were Iran, India, Greece, Belgium, the 
Philippines, Pakistan, and Cuba. E. L. (Butt. Hye]. 


RHEUMATISM IN AN INDUSTRIAL COMMUNITY: I. PLANNING OF A SuRveEY; II. Finpincs. 
Jean AITKEN-Swan (1) and J. S. Lawrence (I), J. Indust. Nurses 5:464-474, 1953. 


A study was initiated of the incidence of rheumatic complaints among coal miners, and, as 
a part of the study, among a sample of the general population. A colliery employing more than 
1,000 men was chosen at Leigh, Lancashire; all the miners were surveyed and also everyone, 
aged 15 years and over, living in every 10th house at Leigh. Carefully selected questions were 
asked of each person. There were four groups: miners at the selected colliery; miners who 
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happened to live in the 10th houses; families of the chosen miners, and nonminers living in the 
10th houses of Leigh. “Rheumatism” was accepted to mean all pain in the back and limbs -not 
due to recent injury, acute infection, or nonrheumatic disease; its severity was assessed by loss 
of working time. Condiiions and type of woek were always noted. Doubtfui pains were 
referred for medical decision. More than 1,000 households were interviewed. The information 
gathered was “coded” and submitted to statistical analysis. 

One out of every three persons was more or less rheumatic, the tendency increasing rapidly 
with age, both sexes being about equally affected. The condition was part of the normal aging 
of cartilaginous structures; occupation determined the site at which the disease first appeared. 
The main site for the miner was the back; for the driller, the wrist or elbow; for the policeman 
or shopwalker, the knees or feet. The heavier the work, the sooner would the trouble become 
manifest, and the severer would it be when it started. The pain was not just so-called “fibrositis” 
in the superficial area, but it was often referred from disease of the deeper joints and ligaments 
or of the intervertebral discs. Disc disorders were predominant among miners and those 
engaged in all heavy types of work. In women osteoarthritis was more frequent; it took second 
place among men. Rheumatoid arthritis was predominantly a disease of women. Among 1,619 
men questioned, 31% were rheumatic, and among 1,896 women, 34% were affected. The types 
of rheumatism contributing 1% or more of cases during the past five years were: 


Men Women 


Diagnosis 


Bursitis and synovitis 2 19 
Neck, shoulder, brachial rheumatism......... 
Back, hip, seiatie rheumatism 
Multiple and other rheumatie diseases....... 58 

Pain stimuli were not normally felt as such till they reach a certain intensity known as the 
pain threshold, which varied for each person and with his state of health. Exposure to wetness, 
cold, or stress might lower the threshold and allow the stimuli to “get through.” Dise 
degeneration and osteoarthritis were normally subclinical, with no symptoms. If dampness 
or cold lowered the threshold, pain was felt and attributed to the exposure. 

Mechanization in industry should diminish rheumatism by lightening heavy work, but an 
aging population will experience more. Physical therapy is the mainstay of treatment, with heat 
and massage. Short-wave diathermy is more useful than the infrared lamp. Ultrasonic therapy 
is superior to infrared therapy, and ionization may relieve muscle spasm and pain. Rest and 
physical therapy usually benefit disc prolapse; only rarely is surgery needed. Such drugs as 
aurothioglucose (Solganal), gold sodium thiomalate (Myochrysine), butazolidine, and cortisone 
have only occasionally given unexpectedly favorable results and must be tried out with care. 
Strict regimen, with diet for the obese, and diathermy at spas are of more value than spa waters. 


E. L. Hye.]. 


Physiology and Nutrition 


PHYSIOLOGY OF PREVENTION OF PRESSURE STROKE: TABLES FOR DECOMPRESSION. V. Ray- 
MOND, Arch. mal. profess. 14:248-251, 1953. 


This discussion on how decompression should be carried out gives particular attention to the 
original research of Haldane, which still holds good. Nitrogen is the important constituent of 
the atmosphere ; it is five to six times more soluble in fat than in water, and considerable time 
must elapse before full saturation is attained, amounting to 9 to 13 hours for such fatty tissue 
as bone marrow. On decompression this inert gas will effervesce if it escapes too quickly from 
the supersaturated tissues. Further, bone marrow is held in a confined space within which the 


gas under pressure acts with force on its surroundings. Decompression can be so regulated 
that the formation of gas bubbles does not occur. Haldane pointed out that the concentration 
of nitrogen in the tissues is in proportion to the pressure and to the length of time under pressure 
and that the absolute pressure can be halved without effervescence occurring. Hence decom- 
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pression can be achieved slowly so that the outside pressure is never higher than one-half the 
strength of the nitrogen in the most absorbent tissue. 
observed during decompression, 


safety with slightly less time than that usually recommended : 


Criticism is passed on official codes to be 
Then a tabulation is submitted which is claimed to combine 


Time of Total Time 
Compression and Spent in 
Pressure* Working Time Decompression Compressed Air 
2 ke. 6 hr. 45 min. 6+ 6= 72min. Thr. 7 min. 
3 ke. 3 hr. 45 min, 9 + 140 = 149 min. 6 br. 14 min. 
3-5 kg. 2 br. 15 min. 10 + 125 = 135 min. 4 hr. 30 min. 


* Presumably per square centimeter. 


The danger of effervescence is much greater at the end of decompression than at the 
beginning. Time spent under pressure must always be allowed for as well as the extent of the 
pressure. Blocking of the blood vessels going to bones by inert-gas bubbles must always take 
long to pass away and may lead to aseptic necrotic areas. 


E. L. Cotiis Hye.]. 


Occupational Diseases and Hazards 


SRONCHIAL CARCINOMA IN Dusty OccuUPATIONS: OBSERVATIONS IN BOILER SCALERS AND 
Grain Dockers. L. DuNNER and M. S. Hicks, Brit. J. Tuberc. 47:145-149 (July) 1953 


Reporting 26 cases of bronchial carcinoma in two groups of workers at the seaport of Hull, 
the authors from their observations between 1946 and 1952 add a further contribution to the 


growing evidence suggesting that this condition may be associated with certain dusty occupa- 
tions. 


Among some 2,500 dockers handling grain, seeds, and other dusty cargoes, there were 20 
cases, 3 of them at postmortem examination showing evidence of associated pneumoconiosis. 
In this same “population” 80 cases of pulmonary tuberculosis and 35 of pneumoconiosis have 


been discovered. In a comparable population of dockers not exposed to dust, no evidence of 
bronchial carcinoma has been found. 


In the other occupational group, that of boiler scalers [though the population at risk is not 
given], there have been 17 cases of pneumoconiosis, 4 of pulmonary tuberculosis, and 5 of 
bronchial carcinoma; one other sufferer from cancer had also worked as a docker. 


Posing the question whether there is a high incidence of bronchial carcinoma in grain 
dockers and boiler scalers, the authors also refer to the increasing mortality from this disease 
in the general population of Hull over a similar period. They presume that the increased 
incidence of bronchial carcinoma of dockers cannot be attributed wholly to the dust factor but 
may be due to the “as yet unknown factor responsible for the increase of carcinoma in the 


general population.” The association of pneumoconiosis and bronchial carcinoma is also referred 
to, 


{In such studies of particular small occupational groups, accurate incidence rates which 
would lend themselves to statistical analysis are notoriously difficult to obtain. Nevertheless, the 
inability to apply reliable statistical interpretation does not detract from the merit of such 
clinical data, which in a cumulative way will reflect more sensitively intragroup and intergroup 


experience which might be masked by the occupational mortality ratios of the Registrar- 
General. | 


ALEX Mair [Butt. Hy6G.]. 


NATIONAL INSURANCE (INDUSTRIAL INJURIES) Act, 1946: PNEUMOCONIOosIS. Report of the 


Industrial Injuries Advisory Council, A. W. Garrett, Ministry of National Insurance, 
Great Britain, 1953. 


Pneumoconiosis for the purposes of the National Insurance (Industrial Injuries) Act, 1946, 
means “fibrosis of the lungs due to silica dust, asbestos dust, or other dust, and includes the 
condition of the lungs known as dust-reticulation.” It is at present prescribed in relation to a 
single schedule of occupations grouped under 12 headings. The question of the method of its 
prescription, that is, the definition of the classes of insured persons eligible for benefit for the 
disease, was referred to the Industrial Injuries Advisory Council in 1950 and appears to have 
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been very thoroughly examined by the Industria! Diseases Subcommittee which had the 
services of Dr. E. L. Middleton as specialist adviser. Written and oral evidence was received 
by specific invitation from certain persons and by.general invitation through advcrtisement in 
the press. 

The Council advises that there should be no change in the definition of pneumoconiosis. It 
recommends that a new provision should be introduced to enable benefits to be paid to claimants 
from unscheduled occupations involving exposure to dust who show that there is reasonable 
cause for suspecting that they are suffering from pneumoconiosis. There should be no change 
in the present conditions whereby pneumoconiosis is presumed to be due to the nature of the 
claimant's insurable employment, though such presumption should not obtain in the case of 
claimants from unscheduled occupations if the foregoing recommendation is adopted. Amend- 
ments or additions to the schedule of occupations should be framed in broad terms rather than in 
detailed reference to individual processes. Investigations should be made into unscheduled 
occupations shown to be giving rise to cases of pneumoconiosis. Certain modifications of the 
disablement pension are suggested. 

This is an interesting and readable report, the value of which is enhanced by the clear 
picture it gives of the present position and procedure. A. T. Dore [Butt. Hye.]. 


Sinicosts iN Mica MINING IN Bruar [INp1A]. Report 3, Office of the Chief Adviser Factories, 
Ministry of Labour, Government of India, 1953. 


India supplies the world with mica, the bulk of her production coming from the Bihar 
mines. Silicosis is not yet on the schedule of occupational diseases under the Indian Workmen's 
Compensation Act, one reason being lack of evidence as to its incidence. The investigation on 
which this report is based is probably the first comprehensive study on the subject of silicosis 
in India, 

Analysis of nine samples of rock drillings showed free silica contents from 11 to 67%, the 
median being 42%. Dust control was unsatisfactory and sometimes nonexistent. Dry drilling 
with pneumatic tools produced counts as high as 1,000 million particles per cubic foot (m.p.p.c-f.), 
hand drilling, 21 to 97 m.p.p.c.f., mucking, 5.3 to 84 m.p.p.c.f., while wet drilling with pneumatic 
tools produced only 7 to 8 m.p.p.c.f. Attempts at dust removal at dry drilling by means of a 
compressed-air-operated exhaust draught were not successful. 

A group of 329 male miners were examined clinically and by chest x-ray with large films. 
Blood examinations to exclude tropical eosinophilia (“eosinophilic lung’) were also carried out. 
In spite of comparatively short occupational histories of work in the mines, a very high incidence 
of silicosis and of concomitant tuberculosis was found. Only 15.5% were classed as normal or 
showing linear exaggeration, 50.6% showed a ground-glass appearance which was regarded as 
indicating definite changes due to dust, and 34.1% showed nodular or conglomerate shadows. 
The most dangerous work, as might be expected from the very high dust counts, was dry 
drilling without dust control. In this group 129 men had less than six years’ exposure, and of 
these 51 (39.5%) had nodular or conglomerate silicosis; only 23 had more than six years’ 
exposure, of whom 16 (69.6%) had this degree of silicosis. In addition to the miners, 39 super- 
visors employed underground were examined, of whom 15 (39%) were found to have nodular or 
conglomerate silicosis. 

A series of recommendations is made which should materially assist in minimizing the risk 
of respiratory dust disease in this important industry. The report contains five x-ray reproduc- 


tions illustrative of various stages of the disease. A. T. Dotc [Butt. Hye.]. 


Strica IN ALKALINE SprRAY: PossistLity oF GALLOPING SrLicosts. H. S. Tara, 
Y. Devpvace, and A. CaviGNeaux, Arch. mal. profess. 14:279-283, 1953. 


The case put forward is that silica in an alkaline medium acts upon pulmonary tissue more 
acutely than ordinary silica. The idea first arose from animal experiments which indicated that 
extremely small particles of silica dust not aggregated by aerosols and so thrown on to the 
bronchial walls to be eliminated provoke a sclerosis not so much nodular as diffuse and 
generalized, with serious consequences. 
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A study is now reported of observations made upon workers exposed to silica dust and an 
alkaline spray who presented pronounced pulmonary signs of commencing minute nodulation. 
Case histories of seven women and one man so exposed are given; they were followed up by 
periodic x-rays. A scouring powder was used, composed of 80% silica, 15% sodium carbonate, 
and 5% moistener; 80% of the particles were 1 » or less in size. The x-rays showed silicosis 
appearing unusually rapidly and distributed fairly evenly over the lungs and progressing quickly 
to micronodulation, Measurements of the dust exposure at different processes are stated, and so 
are the steps which are being taken to control this dust and to introduce closed-in apparatus. 


E. L. Hyc.]. 


OccuPATIONAL DISEASES IN Morocco MINEs. J. Ropter, Maroc méd. 32:205-212 (March) 
1953. 


The working of mineral mines in Morocco is comparatively new. Moreover, the minerals have 
so far been found far from inhabited areas away in the deserts where water is scarce and the heat 
great. So far little or nothing has been done to study the conditions of work in the mines or the 
diseases which are almost certainly occurring. On this point reliance must be placed upon 
researches carried out in other civilized countries. This article gathers such information and 
points out how it should be advantageously used in Morocco. Fears are expressed about lead 
poisoning in mines where lead ores are obtained, but as the lead occurs as galena, the insoluble 
lead sulfide, the risk must be small. [Such ore usually occurs associated with a quartz matrix, 
with a risk of silicosis. | 


Manganese ores present a more alarming risk owing to the nervous syndrome which follows 
the inhalation of these ores. It progresses slowly, with asthenia, headache, vertigo, cramps in the 
limbs, and pains in the back. Then the speech becomes slow, and the walking uncertain and 
tottering. The man is a neryous wreck, with no hope of recovery; the condition resembles 
Parkinsonism. Pyrolusite is the ore at fault. Especially serious pulmonary attacks occur 
among the manganese miners, with a high mortality; men using pneumatic drills are mainly 
affected. Antimony is also mined, but little 1s known of any risks thereform. The same holds 
for cobalt and arsenic. Pneumoconiosis must be expected among coal miners, and _ silicosis 
occurs wherever there is exposure to fine silica dust. The occurrence in Morocco mines of 
ancylostomiasis is a real risk when mines become infected through haphazard defecation and 
the men work in bare feet. 


Having thus established the existence of serious occupational hazards, the author proceeds 
to point out what should be done and what can be done to minimize the risks. Here employers 
have to be shown how expensive the resulting ill health is to their businesses, and the workers 
have to be educated in the use of preventive measures, such as dust control and personal 
hygiene. A sufficient supply of drinking water for men and their families is a first need away 
in desert surroundings, and every mine should have pit-head baths for use on leaving work. 
Sanitary conveniences are of great importance. In fact, everything to do with public health in 
these out-of-the-way mines must be organized by the employers. Then come preengagement 
medical examinations and periodic health examinations. (But. Hye.]. 


STUDIES AND CONSIDERATIONS ON THE CARDIOVASCULAR BEHAVIOR IN SILICOSIS. ANDREA 
ALpo Brina, and Raout GrisLer, Med. lavoro 44:416 (Oct.) 1953. 


In 80 silicotics and in 34 persons affected with silicosis combined with open and active 
tuberculosis, the cardiovascular function has been studied by means of radiologic and electro- 
cardiographic investigations and by means of circulatory function tests; cardiac compression was 
found in 3.75% of the silicotics and in 29.41% of those with silicotuberculosis. 


The rare myocardiac compression in silicosis not complicated by tuberculosis is in contrast 
to the frequency of a vascular hypotony (chronic circulatory collapse). This hemodynamic 
situation is almost exclusively due to peripheral factors, because only in very few cases can it 


be ascribed to the myocardiac damage. a 
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AZOTEMIA OF WorRKERS PotsoNED BY LEAD AND OF WoRKERS Exrosep To LEAD 
G. Batpr and M. GiupiLeo, Med. lavoro 44:420 (Oct.) 1953. 


Azotemia has been studied in groups of workers poisoned by lead and in a group of 
workers exposed to the absorption of lead. Out of 50 workers employed in a factory for the 
production of storage batteries, who were exposed to the absorption of lead and were free from 
hepatic and renal lesions, 14% revealed an hyperazotemia of over 0.50%. Among 20 workers 
poisoned by lead as symptomized by colic, who had quit work within an average of 12 days, the 
incidence of hyperazotemia was 29%. Among 50 chronic lead-poisoned workers, who had left 
work within an average of seven days, the incidence was 12%. However, no case of hyper- 
azotemia was found among 39 workers who had been exposed to lead but had not been poisoned 
and who had left work within an average of nine months. The higher the blood lead, the higher 
the incidence of hyperazotemia; therefore, its cause was justifiably put down to the absorption 
of lead. The action of lead consists in favoring the action of ferments which destroy the protein 


molecule, producing protein catabolins and partially preventing the enzymatic complexes pre- 
posed to the protein synthesis of the amino acids. 


From THE ENGLISH SUMMARY. 


MEDIASTINUM IN PNEUMOCONIOSIS STUDIED WITH THE RETROPNEUMOMEDIASTINUM, 
M. Satvint, Med. lavoro 44:429 (Oct.) 1953. 


As a contribution to research on the causes of inability to work in workers already exposed 
to inhalation of dust, the author was asked to study a suitable number of subjects by means 
of a pneumomediastinum accomplished by the presacral route. Of these subjects, 15 had never 
been continuously in dusty environments, and 53 had been exposed to the inhalation of dust in 
their work. The pneumomediastinum thus effected was very well tolerated by all the subjects, 
and it was ascertained that 39 out of 53 presented an anomalous roentgenographic picture of 
the mediastinum. 

The incidence and entity of the abnormality of the mediastinal picture was not related to 
age, neither was it dependent upon the content of free silica in inhaled dust. 

It is believed that there must be some relation between the anomalous roentgenographic 
picture at the pneumomediastinum and the cardiorespiratory functional deficit, but in the 
author’s opinion this is to be ascertained through special investigations. 

With respect to the standard roentgenographic image, the results of the pneumomediastinum 
show that it is possible to have abnormal mediastinal patterns even in workers exposed to the 
inhalation of dust but without severe roentgenographic manifestations in the parenchyma; and, 
inversely, it is possible to have normal mediastinal patterns in subjects with roentgenographic 
manifestations of diagnosed silicosis. 

From a pathogenetic point of view, the opinion of the school to which the author belongs 
is that dust mediastinopathy is dependent upon an involvement of the thoracic lymphatic system. 


FroM THE ENGLISH SUMMARY. 


ASBESTOS 


Warts AND OTHER DERMATOSES IN WoRKERS WITH LAGGING MATERIALS. 
G. Farris, Rass. med. indust. 22:1-17 (Jan.-Feb.) 1953. 


The author has followed up 29 workers with asbestos warts and found from one to four warts 
in every case, mostly on the palms; 3 workers showed warts on the dorsal aspect of the hands. 
The range of lagging materials in use included asbestos cord which is wound around pipes, 
ete., various asbestos-containing slabs which are incorporated in or otherwise applied to parti- 
tions or other flat surfaces, and mixtures of asbestos and cement which are in the form of 
paste to be molded to the shape of the tank or other object which is to be insulated. 

The warts are due to asbestos fibers which penetrate into the epidermis or get lodged deeper 
still in the corium or true skin and produce reactions in these tissues, respectively. The epidermis 
shows acanthosis (thickening of the prickle-cell layer) and hyperkeratosis (increased horny 
tissue), and the corium shows a granulomatous type of reaction, with the appearance of giant 
cells in some cases. Such workers may also show exudative dermatitis of a subacute form, with 
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a dry, thickened, and cracked skin associated with vesicles and later pustules. This condition is 


attributed to the combined hygroscopic and alkaline action of cement and the irritant action of 
the asbestos fibers themselves. 


Clear photographs illustrate both the naked-eye appearance and the histology of the lesions 
which are discussed. 


J. Caucut Hyc.]. 


DiaGnosti® Aspects oF SOME Cases OF SILICOSIS AND SILICOTUBERCULOSIS. M. FLorIs, 
G. Sanna, and G. Fioris, Rass. med. indust. 22:65-103 (March-April) 1953. 


The relation between tuberculosis and silicosis is not only of scientific and diagnostic 
interest but also of social importance. Some of the more notable reports regarding the associa- 
tion between these two conditions are examined, and the various criteria in the history, clinical 
examination, and special investigations which may be of use in their differentiation are discussed. 


Fourteen cases are described in detail, with good reproductions of roentgenographic findings. 
Reasons are given for their classification into three groups—four of pure silicosis, three of 
simple tuberculosis, and seven where the two diseases coexist. Great emphasis is laid on the 
value of stratigraphy over the standard x-ray procedure, as (1) nodular condensation is better 
seen; (2) the limits of large opaque shadows are more clearly defined; (3) unsuspected cavities 
may be revealed. C. O. S. Brooke Hye.]. 


> 


Stupies Pneumoconiosis. E. A. Pepace, A. 


FE. BACHMANN, and M. S. Dreyer, Rev. 
Asoc. méd. argent. 67:89-100 (April) 1953. 


AY 


This article is divided into three parts. In the first the authors speak of the clinical aspect of 
the disease and disturbances of respiration. In the second an account is given of the authors’ 
experimental work. They used various preparations intravenously—pure quartz, kaolin, and 
“puloil” whose percentage composition is quartz 68, calcium carbonate 14, soap 11, and water 7. 
The experimental animals were mostly young, healthy rabbits of 1,400 to 1,800 gm. weight, 
divided into three groups according to the number of intravenous injections given and the 
times of survival. The first group of 13 rabbits received 1 to 5 injections and lived from one 
hour to 15 days; a second group received 7 to 13 injections and lived from two and one-half to 
three months; a third group received 15 to 22 injections and lived from five and one-half to 
seven and one-half months. Two dogs were also used; one died after receiving 177 injections, 
each of 10 to 20 cc., once or twice weekly in the course of 39 months, the other is still alive 
and has received 330 injections in five and one-half years. Yet another dog is referred to which 
received 56 injections of quartz intravenously. Four rabbits were treated by inhalation of kaolin 
containing 50% of silica. The morbid anatomy and histology of these are recorded with [not 
very clear] photomicrographs of the changes produced. 


The last part of the paper reports on the “so-called protective action of aluminum in 
prevention of experimental silicosis.” For these last experiments the authors used four rabbits, 
a dog, and 14 white rats, and the results may be epitomized by saying that no difference was 
noticeable between those animals which were treated with aluminum acetate and quartz and 
those treated with quartz alone; in other words, aluminum was ineffectual in preventing silicosis. 


The article is well documented, with nearly 100 references among which British publications 
are well represented. 


H. Harotp Scott [Butv. Hye.]. 


Evectron-Microscopic Stupy oF THE EFFrect oF BLoop SERUM ON Quartz. W. KikutH 
and H. W. ScuiipkOter, Arch. Hyg. 137:53-60, 1953. 


In connection with a study of the silicotic process the effect of rabbit serum on quartz powder 
was examined. The rabbits had previously been given quartz intraperitoneally or intravenously. 


The particle size range of quartz was 0.02 to 3 4, and small particles were usually found adherent 
to the large ones. 


After 72 hours’ contact of quartz and serum at various pH levels and 
dilutions, no sign of dissolution or other morphological effect could be seen, except that many 
small particles were found to be surrounded by a coating of serum. 
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It was possible in a new series of experiments to demonstrate clearly the adsorption of 
colloidal silver, especially after addition of N/400 HCl, on the edges and probably also on the 
faces of quartz particles. If, however, the quartz had first been in contact with blood serum, 
this adsorption was much reduced, and after 72 hours in contact with quartz and serum it was 
completely inhibited. 


G. NaGetscumipt Hye.]. 


ACTION OF COLLOIDAL AND MOLECULARLY DissoLvep SILicA ON BLoop VESSELS. 
KLosteERKOTTER, Arch. Hyg. 137:69-78, 1953. 


W. 


The literature on the early effects of silica being due to functional disturbances is reviewed. 
Perfusion experiments with colloidal silica (centrifuged aerosol and quartz suspensions) are 
described on guinea pigs’ legs and heart-lung preparations of rats and rabbits. Ringer's solution 
was used, and the circulatory flow rate determined. Variable amounts of dissolved silica of the 
order of (0.2 to 4 mg. of SiOz were introduced. In general, a reduction in flow rate was observed 
which was small and reversible with the smallest doses, whereas with larger doses it was larger 
and permanent. It is said to be due to spasm and later to formation of edema. 

Similar experiments were made with frogs, silica being injected into the lymph sac of the 
stomach or directly into the tongue. This led to complete stasis of the arterioles observed. 


The findings are discussed. Colloidal rather than molecularly dispersed silica is said to be 
active and to cause contractions of the contractile elements which may affect the neurovascular 
system and lead to vascular spasm. 


G. NAGELSCHMIDT [BuLL. Hye.]. 


ELecTRON-Microscopic Stupy OF QuARTZ SOLUBILITY IN RELATION TO StLicosts. K. W. 
JOTTEN and G. PFEFFERKORN, Arch. Hyg. 137:79-84, 1953. 


Current opinion assumes that silicosis is due either to chemical effects of quartz (silica 
solubility) or to physical adsorption of proteins on the quartz surfaces. Electron-microscopic 
studies of quartz surfaces should therefore yield useful information. 


The paper shows electron micrographs of scratched and etched quartz surfaces and demon- 
strates the existence of lattice deformations and underneath them a block structure a few microns 
in average size. It is likely therefore that when quartz is brought into a liquid particles will 
go into solution as well as molecularly dispersed silica. The experimentally demonstrated 
decrease in quartz solubility on repeated extraction may be partly due to lattice deformation 
and partly to the higher solubility of protruding edges and corners. 


G. Nacetscumipt Hye. ]. 


ELECTROPHORETIC StuDY OF SERUM PROTEINS IN SILICOSIS AND SILICOTUBERCULOSIS, 
TOGETHER WITH VARIOUS SERUM LaBiLity Tests. H. BECKMANN, H. ANTWEILER, and 


A. Hivcers, Beitr, Silikose-Forsch. 20:1-21, 1953. 


The authors examined 537 miners in the Ruhr area of Germany; 211 suffered from pure 
silicosis and 73 from silicosis plus tuberculosis. A number of laboratory tests were performed to 
see whether there was a correlation between them and the severity of the disease or the course it 
took. The serum proteins were examined by filter-paper electrophoresis, and lability tests were 
carried out. The total serum protein level was determined by the copper sulfate specific gravity 
method. The erythrocyte sedimentation rate was also measured. There was in all cases a fall in 
the albumin level, with a corresponding rise in the gamma globulin percentage, The total serum 
protein remained within normal limits. There was no difference between pure silicosis and silico- 


tuberculosis, but the severer the disease the more pronounced was the change in the serum-protein 
composition. The erythrocyte sedimentation rate and, of the various lability tests, the Weltmann 
band and the Takata test seemed to be the more enhanced the higher the gamma globulin rose, 
but there was no constant correlation. There was even less correlation between the gamma 
globulin level and the results of thymol turbidity test, cadmium-sulfate precipitation, and 
cephalin-cholesterol flocculation. 


H. LenMann Hye.]. 
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EXPERIMENTAL INFECTIVE E. J. Kine, C. V. Harrison, G. P. MOHANty, 
and D. A. Mitcutson, Arhiv hig. rada 4:289-300, 1953. 


Quartz and coal-mine dusts were introduced into the lungs of rats by inhalation in a high 
concentration for four months, and then groups of these dusted animals were infected with a 
virulent strain of human tubercle bacillus (37 Rv). Dusting was continued for a further period 
of 10 months in the case of the coal-mine-dust group. No variation in lung pathology was seen 
in the quartz group, although both groups produced classical silicotic nodules. In the case of 
coal-mine dust the infective group showed slightly more fibrosis, diffuse in nature, than either 
the noninfected or the tuberculous control group. These are preliminary experiments, and the 
results must be considered as both tentative and not very conclusive. Work is being continued. 


FRoM THE AUTHORS’ SUMMARY. 


SREATHING OF PNEUMOCONIOSIS-PRODUCING Dusts. C. N. Davies, Arhiv hig. rada 4:301- 
306, 1953. 


Pneumoconiosis-producing dusts must be insoluble or have a very slow solubility. Dusts 
which caused long-term cumulative effects act in three ways—by stimulating the growth of 
fibrous tissue (quartz), by producing mechanical injuries (asbestos, talc), and by accumulating 
large quantities of particles in the lymphatic system and throughout the lungs. 

Another kind of risk from dust accumulating in the lungs arises from radioactive materials, 
particularly from solid products of radioactive decay of radon. An association between the 
normal content of radon in the atmosphere and lung carcinoma in the general population 
cannot be dismissed as impossible when varying susceptibility is taken into account. 


From THE AUTHOR'S SUMMARY. 


PNEUMocONIOSES Fisrosis, D. M. Marcuan, Arhiv hig. rada 4:402-427, 1953. 


The avowed object of this article is to bring some order into the vast tableau of those 
pneumoconioses which are not associated with pulmonary fibroses. All dusts are more or less 
injurious, depending upon their nature and amount; no dust is really inert if in excess. Size is 
always important, since particles more than 5 # in diameter cannot get down into the pulmonary 
alveoli, The construction of the upper air passages decides why some persons are less prone to 
dust damage, as the particles are caught there instead of penetrating deeper down. 

First, the fibrosis-causing dusts are dismissed, including those consisting of silica wholly 
or in part. The presence, if any fibrosis develops, of some percentage of silica must always be 
suspected. No dusts are harmful on account of their hardness or sharpness. Short allusions are 
made to a great number of dusts, some of which are said to be pathogenic. Pure coal and 
graphite are considered nonpathogenic. There are the metalloconioses which are caused by 
toxic lead, beryllium, and manganese as well as nontoxic iron and zinc. Then come the myco- 
conioses, including weavers’ cough and cotton-strippers’ asthma, the latter being known 
medically as byssinosis. Among the diseases surnamed allergoconioses are cannabigsis and 
bagassosis. [Adding the suffix “osis” does not seem to introduce any order, but readers will be 


grateful for the excellent list of references. | E. L. Coutts [Butt. Hye.] 


CuinicaL Evatuation oF Disasitity iN Stiicosts. J. 


Frost and J. Georc, Acta med. 
scandinay. 147: 349-357 (Dec. 30) 1953. 


In cases of silicosis there has been established no correlation of the x-ray picture, the symp- 
toms experienced, and the degree of disability. In order to reexamine the position, clinical 
examinations and measurements of pulmonary function were carried out on 50 persons with 
silicosis (from among whom patients with tuberculosis, cardiac diseases, or high blood pressure 
were excluded). X-ray films were taken, and fluoroscopic examinations were made of diaphrag- 
matic movements; electrocardiograms were made. Vital, residual, and total capacities of the 
lungs, together with maximum breathing capacity, were measured, and a special working test 
on a bicycle-ergometer was made. 

The cases were grouped into three stages of silicosis. When the observations were analyzed, 
a significant difference was noted between the total capacity for Stage 3 and for Stage 1; 


; the 
same held good for vital capacity and maximum breathing capacity, but differences between 
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Stage 2 and Stage 1 were insignificant. The relations between total lung volume and x-ray 
stages of silicosis showed a rough parallelism. Pulmonary emphysema, as indicated by 
expressing the residual capacity as a percentage of the total lung volume, showed a similar 
relation. Advanced emphysema was present only in Stage 1 and Stage 2 of silicosis. No 
obvious correlation was found to exist between the x-ray picture of silicosis and the subject's 
working capacity. Compensation should not be assessed purely on x-ray findings. 


E. L. Hye.]. 


Industrial Toxicology 


NATURE AND GENESIS OF PULMONARY ALTERATIONS IN CARBON TETRACHLORIDE POISONING. 
W. Umiker and J. Pearce, A. M. A. Arch. Path. 55:203-217 (March) 1953. 


The claim is made that, while attention has been drawn to the damage caused to the liver, 
kidneys, and adrenal glands by carbon tetrachloride, little, if any, has been directed to the 
damage set up in the lungs. Now the case reports of 27 young men who died of carbon tetra- 
chloride poisoning are brought together and summarized. The cases were in the files of the 
Armed Forces Institute of Pathology, U. S. A. 

The general clinical and x-ray and pathological features as they apply to the lungs are 
described, and the microscopic appearances are illustrated. They confirm certain previous 
reports that hemorrhagic pneumonia, with edema or bronchopneumonia, occurs in this form of 
poisoning. Many of the patients fell ill after a bout of alcoholism. Death occurred in 1 to 16 
days, most on the 10th day. Twelve were poisoned by ingestion and 13 by inhalation of fumes. 
Dyspnea and cyanosis were prominent signs in the terminal days, by which time x-rays showed 
fluffy, hilar opacities of varying densities. Most lungs were voluminous, dark red, and heavy, 
exuding bloody edematous fluid; passive congestion and hemorrhagic edema were constant 
findings. 

The suggestion is made that the lung changes were not the result of direct irritant action, 
since they were equally present in those who ingested the poison. Further, the pulmonary 
changes showed a close similarity with lung changes seen in uremic states. And they appeared 
in the later stages of the poisoning, by which time kidney necrosis was developing. The lung 
changes may be secondary to these necrotic lesions rather than the direct effect of carbon tetra- 
chloride. The basic pulmonary lesion consisted in an exudate of fibrin, a pseudomembrane lining 
the alveolar walls, a thickening of alveolar walls by growing fibroblasts, and a proliferation of 


cells resembling epithelium lining the alveolar walls. . . 


ANALYTICAL CHEMISTRY OF Micro-QvuAntities oF Tarr Y. Toripara and 
Rutn E. SHERMAN, Atomic Energy Project, University of Rochester, Document UR-267, 
July 15, 1953. 


Secause of the very toxic nature of Be, submicrogram quantities of the element are of 
biological importance. Colorimetric, fluorimetric, and spectrographic methods used to determine 
small quantities of Be are subject to interference by other elements, necessitating a separation 
scheme to isolate the element before measurement. The fluorimetric method based on the inter- 
action of Be with purified morin is the most sensitive chemical determination; it compares 
favorably in sensitivity with the spectrographic method. The separation of Be from bone 
proved to be most difficult because of the large quantity of Cas(PO,). By a method which 
involved precipitation, electrolysis with a Hg cathode, absorption on an ion exchange resin, and 
complexing with acetylacetone, it was possible to isolate completely the smallest measurable 
quantity of Be from all biological samples. The radioisotope Be? was employed in the deter- 
mination of the efficiency of each step of the separation scheme 
NUCLEAR ‘Scr. Apst. 


JERYLLIUM ToxicoLoGcy: A LiterRAtuRE Searcu. Frances L. Sacus and Katuryn D. 
SALLENTINE, Carbide & Carbon Chemicals Co., Pamphlet Y-975, July 17, 1953 


Abstracts of 249 selected titles on Be toxicology are presented. An author index and a 


subject index are included. Ste: 
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Toxicity AND PHARMACOLOGY OF Boron Hypripes: A Status SUMMARY OF WoRK 


PERFORMED TO ApouTt Jan. 1, 1953. J. H. Wits, Special Report 15, Chemical Corps 
Medical Laboratories, Army Chemical Center, Feb., 1953. 


The B hydrides (diborane, pentaborane, and decaborane) are highly toxic compounds which 
must be handled with due respect for their toxicity. The chief danger from diborane appears 
to arise from the local actions of the inhaled gas on the lungs. The chief danger from penta- 
borane and decaborane probably lies in the production of convulsions. Poisoning by penta- 
borane and decaborane can occur by absorption from skin and conjunctival surfaces as well as 
by inhalation. No specific therapy is known for poisoning by any of the B hydrides. 


Treatment 
at the present time must be on the symptomatic basis. 


NUCLEAR Sci. ABstT. 


CapMium INTOXICATION: CLINICAL REPORT OF AN ACUTE ACCIDENTAL Group Exposure. 


Marvin L, AmMpur and Rosert A. Caputi, Indust. Med. 22:561 (Dec.) 1953. 


A clinical report of a group exposure to cadmium is presented. Recovery of all exposed 
personnel was complete without residual disability. It is suggested that the inactivation of 


the sulfhydryl enzyme, acetyl cholinesterase, by cadmium may be responsible for the clinical 
evidence of disease. 


From tHe Autuors’ 


Toxicity OF THE DINITROCRESOLS: ParT 1. 4,6-DINITROORTHOCRESOL AND Its SIMPLER 
Derivatives. D. G. Harvey, J. Pharm, & Pharmacol. 4:1062-1066 (Dec.) 1952. 


The physical properties and toxic action of some commercial samples of 4,6—dinitroorthocresol 
(DNOC) and their simpler derivatives which have been manufactured in Great Britain for use 
as selective weed killers on cereal crops and as ovicides in winter washes for fruit trees have 
been investigated. In addition a sample of 4,6-dinitro-sec-butylphenol (DNBP) was included 
in the tests, since this substance is also used in spray operations as a selective weed killer, 
mainly on leguminous crops. 


The manufacturing process is described. The molecular weight, solubility, and melting points 


of the different compounds were determined. The L.D.w to rats by subcutaneous injection of 


DNOC was determined, together with the effect of environmental temperatures on rats given 
sublethal doses of DNOC by stomach tube. 


It is concluded that commercial samples of DNOC and its salts are less toxic than the pure 
substance. P, Lestey Bipstrup Hye.]. 


Apsorption oF Liguipn HTO anp HTO Vapor THrRovuGH THE SKIN OF MAN. Ernest A. 


Pinson, Ernest C. ANDERSON, and VirGinia Lotz, Los Alamos Scientific Laboratory 
Report, AECU-2571: LADC-1326, June, 1952. 


Data are presented on percutaneous absorption of HTO by the arm of a man from an 
atmosphere saturated with HTO vapor, and with the arm immersed in liquid HTO. Com- 
parison with data on HTO absorption through the lung indicates that the tritium taken into the 
body through the total skin surface from an environment containing HTO or T.O, when the 
possible but undetermined protective effect of clothing is ignored, would approximately equal 


that absorbed via the respiratory tract. Nucrear Sci. Asst. 


BuTADIENE: PROPERTIES AND ESSENTIAL INFORMATION FOR SAFE HANDLING AND Use. 
Manufacturing Chemists’ Association, Chemical Safety Data Sheet SD-55, 1953. 


While handling hazards are not considered to be serious, exposure to the vapors of butadiene 
may cause minor irritations to the eyes, nose, throat, and lungs. Due to rapid evaporation, 
liquid butadiene can cause frostbite when brought into contact with the skin, 

Fire and explosion hazards exist in handling butadiene as a result of the material’s physical 

roperties (boiling point, — 4.7 C. and explosive limits, 2 to 11.5% by volume in air). Air-vapor 
proj I 
mixtures can result in peroxide formation which may cause an explosion. 
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Precautions necessary in handling the material are detailed in the body of the 
sheet. Key points to consider in safe handling include: 


safety data 


1. Keep away from hot sparks and open flame. 

2. Provide adequate ventilation. 

3. Ground equipment and containers before discharging to reduce danger of ignition from 
static sparks. 

4. In the event of actual leaks or spills or whenever excessive vapor concentration may be 
encountered, only personnel equipped with approved respiratory protection should be permitted 
in the contaminated area. 

5. Chemical safety goggles should be worn when discharging containers or tank cars or 
whenever there is danger of the liquid or saturated vapor coming in contact with the eyes. 

6. Wherever possible, accidental fires can best be controlled through isolation by shutting off 
the source of fuel. 

7. Very small fires may be extinguished with water fog, carbon dioxide, or dry chemical 
agents. 

8. Inhibitor content of stored butadiene should be regularly checked. 

In the event of contact with the liquid, contaminated clothing should be removed immediately 
and the affected area washed with soap and water. For eyes, flush immediately with large 
quantities of water for at least 15 minutes; seek medical attention. 


FROM THE SUMMARY. 


MeraABoLic Properties OF VARIOUS MATERIALS. Medical and Health Physics Quarterly 
Report, Jan.-March, 1953, Radiation Laboratory, University of California, June, 1953. 


Preliminary data are tabulated from a study of the relative biological effectiveness of 8 
particles from radiopotassium and @ particles from At®!'. In this study the distribution of tracer 
amounts of Na*? and changes in the blood picture were employed as criteria of radiation 
damage in four experiments employing rats, and weight changes and alterations in total 
differential leucocyte counts were employed as criteria of radiation damage in one experiment 
employing monkeys. Studies of thyroid function, as measured by I'*! uptake, and the meta- 
bolism of F, as measured by F!* distribution, in rats chronically intoxicated with fluoride were 
continued. Data are tabulated. Photographs are included of radioautographs of bones from rats 
given F's, with and without previous dietary fluoride. Additional data are presented from a 
histological study of a monkey which was killed two years after receiving At*!', Morphologic 


alterations are summarized and illustrated photographically. Noctsae See Anes 


EFFEcT OF CHELATING AGENT ON URINARY LEAD EXCRETION: COMPARISON OF ORAL AND 
INTRAVENOUS ADMINISTRATION, J. B. Stppury Jr., J. C. Bynum, and L. L. Fetz, Proce. 
Soc. Exper. Biol. & Med. 82:226-228 (Feb.) 1953. 


Seven patients (five adults and two children), with symptoms of lead poisoning and excessive 
blood or urinary lead or both, were treated with the organic chelating agent, disodium calcium 
ethylenediaminetetraacetate (Ca EDTA), which forms a stable, water-soluble, nonionizing 
complex with lead. During the first day, adults received 1.0 gm. of the drug dissolved in 5% 
dextrose in water, given slowly by intravenous infusion. On the five subsequent treatment 
days the dosage was 2.0 gm. A test dose was given of 1/10 of the calculated daily dose. Oral 
treatment for adults and children comprised 30 mg. of Ca EDTA per kilogram of body weight 
twice daily. It was observed that as a result of intravenous therapy in adults urinary lead 
increased tenfold to fortyfold on the first day, and subsequent values, although lower, were never 
less than three times the value observed on pretreatment level. In children the maximal excretion 
occurred on the second day during intravenous therapy. When the drug was given orally, the 
rise in lead excretion was more gradual, reaching a maximum on the third or fourth day. A 
fivefold to tenfold rise in 24-hour urinary lead occurred in all patients but one receiving oral 
medication. 

Blood lead values and stipple-cell and reticulocyte counts showed a definite tendency to 
decrease. The patients suffering from lead poisoning noticed prompt alleviation of symptoms. 
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re No significant untoward effects were observed with the above dosage, but one patient receiving 
a 30 mg. per kilogram orally thrice daily for the first two days of his five-day course experi- 
- enced loose stools and abdominal pain after 48 hours of treatment, and these effects were 


observed until the drug was discontinued. The authors emphasize that the use of the calcium salt 
of EDTA avoids the toxic effects which have been observed after the use of the nonchelated 


compound. J. E. Kencu Hye.]. 


HEALTH PROBLEMS IN THE MANUFACTURE AND Use oF Ptastics. D. KeENwin Harris, 
brit. J. Indust. Med. 10:255 (Oct.) 1953. 


7 This article discusses the toxicology of various substances encountered in the manufacture 
oa of plastics. The effects of formaldehyde on the skin and after absorption are discussed. Clinical 
examples of dermatitis are given. The result of an investigation on workers making formalde- 
hyde products is described to support the contention that there is little or no chronic effect from 
repeated absorption of small quantities of formaldehyde. 

The pathological effects of polythene, polyvinyl chloride, polymethyl methacrylate, and 
polymethyl chloracrylate are discussed. An appendix contains toxicological data of the Industrial 
4 Hygiene Research Laboratories of Imperial Chemical Industries, Ltd. The importance of full 
investigation of plastic materials likely to be used for certain purposes is stressed. 


B. H. Ampwur, Boston. 


TOXICOLOGICAL PROBLEMS FROM THE INDUSTRIAL Use oF CHLORINATED DERIVATIVES OF 
ETHYLENE (TRICHLOROETHYLENE AND PERCHLOROETHYLENE). R. Trumavut and C. 
: SOUDENE, Méd. usine, p. 399, May, 1953. 


In this review the authors consider trichloroethylene and perchloroethylene from the 
following aspects: physical and chemical properties, acute and chronic toxicity, elimination 


and metabolism, and detection and determination. a a 


= COMPARATIVE STUDIES ON THE THERAPEUTIC Errect oF BAL aNnp Sopium CITRATE IN 
EXPERIMENTAL LEAD Potsoninc. S. and L. SCHECHTERMAN, Schweiz. 
med. Wehnschr. 82:1164-1165 (Nov. 8) 1952. 

3 


iy The efficacy of sodium citrate therapy was compared with that of intramuscular dimercaprol 
; {BAL) in the treatment of guinea pigs poisoned by intraperitoneal injection of lead nitrate. 
BAL solution was administered twice daily by injection to 20 animals, and sodium citrate was 
administered by stomach tube to 20 others. A control group of 20 received lead nitrate without 
other therapy, and these experienced considerable loss of appetite and a weight loss of 5.4 gm. 
per day, and the blood showed marked punctate basophilia and fall in red blood cell count. 
The average survival period of these animals after onset of lead nitrate intoxication was 
nine days. 


The BAL group had an average life of only six and one-half days and a daily average weight 
loss of 5.9 ym., and marked blood changes were observed. 

The sodium citrate group had an average life of 11% days, but four animals remained alive 
longer than 40 days in very good health. Average daily weight loss was 1.2 gm. per day, 
= but the four long-lived guinea pigs had increased 20 gm. in weight after the 30th day. Blood 
# changes were considerably less marked than in those of the other groups. 

The results support the conclusion that BAL therapy may be harmful in lead intoxication 
but that sodium citrate, as shown by Kety and Letonoff in 1940, has a very favorable therapeutic 
effect. The following regimen is recommended for cases of plumbism : 


1. Removal from any further lead contact. 
7 2. Immediate sodium citrate therapy—5 gm. by mouth dissolved in water or syrup four 

: times daily; after reduction of acute symptoms, 5 gm. three times daily for three weeks. 


3. Severe colic treated with 20 cc. of 20% calcium gluconate solution slowly injected intra- 
venously (once or twice daily). 

4. Constipation treated with 15 to 20 gm. of sodium sulfate given orally each day. 

5. Severely, chronically ill workmen should receive treatment for a whole month, including 
one week with three daily doses of 5 gm. of sodium citrate. - 
8 J. E. Kencnw Hya.] 
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OccuPATIONAL PATHOLOGY OF ACETONE AND HALOGENATE CompouNpbs, Acetic AcID, 
Acetic ANHYDRIDE, ACETYL CHLORIDE, AND ACETYLACETONE. G. Batpt, Med. lavoro 
44:403 (Oct.) 1953. 


Acetone, acetic acid, acetic anhydride, and acetylacetone are all very good organic solvents 
largely used in industry. Acetone is principally used in the acetate rayon and celluloid industries 
and as a solvent for spray paint, and acetylene gas. Acetic acid is also used in the acetate 
rayon industry and in the production of acetates. Acetic anhydride and acetylacetone are less 
important in industry but find particular uses as organic solvents. Exposed to the action of these 
solvents are, above all, those workers employed in the production of artificial silk, celluloid 
items, waterproof clothing, and spray paints. The toxic action of acetone and acetic acid 
involves the mucosa, the digestive system, and the nervous system, with a narcotic action. The 
symptoms are constant conjunctival irritation, with reddening and lacrimation, which appears 
even at concentrations lower than the maximum allowable (acetone, 600 ppm; acetic acid, 
f° 10 ppm; acetic anhydride, 5 ppm). Higher concentrations involve irritation of the upper 
respiratory tract and of the nervous system; still higher concentrations lead to depression of 
the central nervous system, with drowsiness, dizziness, and narcosis. The severe intoxications 
observed experimentally are not found in industrial pathology, because industrial exposures 
never reach the high concentrations used in experimental tests. These solvents produce dryness 
of the skin and favor the appearance of dermatitis, owing to a decrease in the defense mechanism 
of the skin once the protective sebaceous layer has been removed. They furthermore have a 
primary irritant action, mainly noticed with acetic anhydride. The pathogenesis is bound to the 
fat dissolving properties. Prognosis has always been favorable, and no late effects have been 
observed. Prevention is carried out by keeping the vapor concentrations lower than the 
maximum allowable concentration by means of good general ventilation of the working rooms 
and by means of local exhaust systems when the diffusion of vapors takes place at few points 
in the shop. Particular care must be taken to prevent the risk of explosions, because these 
solvents are highly inflammable and explosive when mixed with air in determinate portions. 


Bromoacetone, iodoacetone, and other halogenate compounds have no industrial uses and are 
chiefly used as tear gas. Also, acetyl chloride has little importance from the standpoint of 
industrial pathology, because it is mainly used in enclosed cycle operations. The toxicity of this 
product is remarkable, because it is easily hydrolized, with the formation of acid chloride and 
acetic acid. 


FROM THE ENGLISH SUMMARY. 


OcCUPATIONAL PATHOLOGY OF AMYL, 
44:469 (Nov.) 1953. 


suTYL, AND Propyt Acetates. G. Batpt, Med. lavoro 


Amyl, butyl, and propyl acetates are all very good organic solvents, being largely used in 
the nitrocellulose industry and as solvents for oils, fats, waxes, and natural and synthetic resins. 
Amyl and butyl acetates are also used in the preparation of cosmetics and as aromatizers of 
canned foodstuffs. The acetates are not used alone but are mixed with other organic solvents; 
for this reason no very high concentrations of the acetates alone are necessary in industry, and 
therefore no severe cases of poisoning have so far been observed. In small animals acutely 


poisoned there appear symptoms which involve the mucosa and the upper respiratory tract 
(conjunctival irritation, inflammation of the nasal, pharyngeal, and bronchial mucosa), followed 
after a few minutes by irritation of the central nervous system (agitation, restlessness, 
incoordination of movements), which transforms into a hypnotic state and can cause the death 


of the animals. The same concentrations are better tolerated by medium-sized animals (cats, 


dogs) which generally resist a few hours’ daily treatment for many days running with portions 
decidedly toxic for guinea pigs. For human beings the experimental data are reduced to some 
observations on subjects exposed for a short time to rather high concentrations but not such as 
are commonly found in industrial practice. Exposures ranging from 20 to 60 mg. per liter of 
the different acetates produce within a few weeks conjunctival irritation, feeling of general 


disturbances (caused by the smell which becomes unpleasant when it is too intense), feeling of 
oppression of the chest, and cough. 

No recent investigations have been carried out on workers exposed to acetates. Investigations 
made in 1912 and 1913 highlighted a marked incidence of cephalalgia, vertigo, nausea, gastric 
troubles, and dermatitis among workers exposed to acetates 
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The action of acetates on the skin affects the degreasing mechanism of the more surface 
layers, with consequent dryness and a decrease in the defense mechanism. On the mucosa the 
acetates act as primary irritants, and their action on the central nervous system is the classic 
one caused by narcotics. Prognosis is favorable, and recovery takes place shortly after inter- 
ruption of contact. The goal in prevention is to keep the aetate concentrations, the toxicity 
limit of which—common to all—is about 400 to 500 ppm, lower than this limit. Pending this, 
it is necessary to provide good general ventilation of the shops and eventually to adopt local 
exhaust systems at the source of diffusion of the solvents. For the prevention of dermatitis, 
common creams based on fatty substances or, better still, barrier creams are indicated. 


FROM THE ENGLISH SUMMARY. 


OcCUPATIONAL PATHOLOGY OF FoRMIC ALDEHYDE AND Formic ACcID. 


G. Med. 
lavoro 44:485 (Nov.) 1953. 


Formaldehyde is the first of the aldehyde series. It has a high reducing power and strong 
chemical action, with marked trend to polymerization, and is obtained by the oxidation of methyl 
alcohol. Industrially it is used (not in its natural gaseous state but in a 40% solution) as an 
antiseptic and a disinfectant; it is also used in the synthetic resin industry, as an anticrease in 
the textile industry, and in the manufacture of tanning and coloring substances. The workers 
mainly exposed to formaldehyde are those employed in the preparation of leather and furs and 
in synthetic resin and textile industries. Formaldehyde has an irritant action on the skin, 
mucosa, and respiratory system; at high concentrations it has a depressive and irritant action 
on the central nervous system. The severe lesions shown in highly intoxicated small animals 
are not observed in human beings, because workers in whom disturbances of the mucosa have 
occurred are obliged to leave off work long before toxic concentrations are reached. In industrial 
exposures, formaldehyde causes, above all, conjunctival and skin irritations in workers in contact 
with formalin and in those employed in the manufacture of synthetic resins. Sensitization to 
formalin has been shown, but more often it is found that workers become accustomed to the 
substance. Pathogenesis is bound both to the reducing action of the aldehyde group and to the 
transformation of formaldehyde into formic acid which is the actual irritant of the skin. Prog- 
nosis is favorable, with no late effects even in cases of early disturbance of the central nervous 
system ; a possible residue could be a sensitization of the skin which compels workers to interrupt 
the specific operation. Cure is symptomatic. For prevention, it is necessary to keep the formal- 
dehyde concentration lower than 10 ppm by means of good natural and forced ventilation of the 
shops. Formic acid, the first and most energetic of the organic acids, has a high reducing 
power and has the same chemical behavior as an aldehyde. It is industrially obtained by the 
action of sulfuric acid on sodium formate. It is mainly used in the preparation of lactic acid 
succedaneous and as a coagulant and regenerator of rubber. Its toxicity is low, and its mani- 
festations involve the conjunctiva (reddening, lacrimation), the skin (blistering dermatitis which 
has a tendency to spread even after interruption of contact), and the mucosa (pharyngitis, 
laryngitis, and dysphagia). No case of severe poisoning has been described, and lesions heal 
rapidly with symptomatic treatment and without late effects. The maximum allowable concen- 
tration has not yet been fixed, but it is supposed to be approximately 20 ppm. To prevent the 
appearance of disturbances involving workers and to avoid the hazards of fires and explosions, 
good ventilation in the shops is of utmost importance. 


THE ENGLISH SUMMARY. 


Hyprortvuoric Acip As A Cause oF INJURY IN THE CHEMICAL INDUSTRY: PREVENTION 


AND TREATMENT. E,. Bartatini and V. Grianti, Rass. med. indust. 22:34-42 (Jan.- 
Feb.) 1953. 


The authors of this paper outline certain technical details in the manufacture of hydrofluoric 
acid, which is produced by the interaction of calcium fluoride and sulfuric acid. The general 
and local forms of HF poisoning are briefly described, and the limits of concentrations which 
can be tolerated or which are harmful are quoted. HF burns show certain specific aspects due to 
the fluorine ions as well as such effects as are due to dehydration and to corrosive action com- 
mon to all strong acids. 
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Preventive measures are recommended, and these concern premises and equipment, the 


drilling of the staff, means of personal protection, the selection and periodical medical examina- 
tion of staff. 


The treatment of HF burns is dealt with, thorough washing being followed by application 
of a saturated solution of magnesium sulfate and 70% alcohol, both cooled to 0 ©., and injection 
or infiltration of a 10% solution of calcium gluconate. Immobilization of the affected parts is 
dealt with. An emulsion of sulfonamide powder in cod-liver oil and compresses of vitamin C 
solution have been found useful as a local application. Plastic surgery is often required for the 
correction of deformities. 


J. Caucut Hye.}]. 


Cutaneous GRANULOMA Causep By BeryLtium. ALEJANDRO A. CorpERO and Epuarpo 
B. Mowina, Prensa méd. argent. 40:468-473 (Feb. 20) 1953. 


Distinct lesions on the skin and subcutaneous cellular tissues caused by Be are reported. 


Particular attention is given to the clinical and histopathological study of the granulomas 
caused by wounds cut with fragments of fluorescent lamps. A typical granuloma was shown 
spectrographically to contain Be. 


Nuciear Scr. Asst, 


DaMaAGE Done TO THE PANCREAS BY CARBON TETRACHLORIDE. K.-H. Jaunxke, Aratl. 
Wehnschr. 8:1051 (Oct. 30) 1953. 


Involvement of the pancreas in carbon tetrachloride poisoning is reported in a 34-year-old 
male nurse and in a 32-year-old female nurse who did not use protective masks when they 
sprayed a contact insecticide with a hand-nebulizer over several rooms of an old people's home. 
The insecticide contained carbon tetrachloride as carrier substance besides small amounts of 
7-hexachlorocyclohexane and pyrethrum. 

Initial listlessness similar to alcoholic intoxication occurred in both patients; it was followed 
by disturbances of the liver and the circulation characteristic of carbon tetrachloride poisoning, 
while there was no decrease in function that might have suggested organic damage to the 
central nervous system. Tenderness of the liver, the size of which was increased, associated 
with bilirubinuria, and a positive reaction to the aldehyde test were observed in the man nine 
days after the poisoning; toxic damage to the liver was confirmed seven weeks later by the 
behavior of the serum bilirubin and cholesterol and the still increased size of the organ. At 
the same time involvement of the pancreas was revealed by tenderness on pressure in the depth 
of the left epigastric region, left side Head’s zone, burning pain after an injection of 3 cc. of 
ether into the duodenum, definite ferment derailment, and rise in blood sugar after the first and 
second dose of dextrose. On follow-up examination 10 months after the poisoning, the disturb- 
ance of the pancreas had not yet completely subsided. Signs of damage sustained by the 
parenchyma of the liver in the woman were similar to those in the man, while indications of 
involvement of the pancreas (epigastric tenderness, left side Head's zone, pain after injection 
of ether into the duodenum, initial increase in urine diastasis with values of blood diastasis at 
the upper normal limit), although less pronounced than in the man, justified consideration of 
toxic damage to the pancreas. 

An atypical pancreatitis was observed by Moon on necropsy done in five cases of fatal carbon 
tetrachloride poisoning. Veghelyi and co-workers produced in rats degenerative lesions of 
the pancreas by carbon tetrachloride. 

Considering these anatomicopathological findings and the results of the animal experiments, 
together with the author's clinical observations in the two reported cases of carbon tetrachloride 
poisoning, it seems advisable to watch more than before for involvement of the pancreas in the 
quite frequent cases of carbon tetrachloride poisoning in man. 


CuRonic INTOXICATION WITH PyroxyLin Lacguers. R. SCHIRMER, Klin. Monatsbl. Augenh. 
123:449, 1953. 


The cases of intoxication described in this paper occurred in men who for months or years 
had sprayed or painted parts of machinery with pyroxylin lacquers. The studies reported were 
brought about by the discovery of acute retrobulbar neuritis in one of these workers who had 
had contact with pyroxylin lacquers for about four years. Examination revealed no neurologic 
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indications of a systemic disease, but laboratory tests suggested an intoxication with pyroxylin 
lacquers. Observations on this man led to examination of five other workers with the same 
occupation. The results of these examinations indicate that intoxication with pyroxylin lacquers 
exerts its effect in the beginning chiefly on the blood coagulation and prothrombin time. A 
relatively moderate to severe monocytosis with relatively atypical forms likewise seems to be a 
comparatively early manifestation. 


Examination of the sternal punctate gives some valuable 
information. 


The decision whether a man can continue an occupation which exposes him to 
pyroxylin lacquers or whether he has to change his work should be based not on the outcome 
of one test but should take account of the results of all examinations. 


DANGERS IN Exposure To B-DIMETHYLAMINOETHYL CHLORIDE OR B-DIETHYLAMINOETHYL 
Cnuioripe. G. Kravis, Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:133 (Sept.) 1953. 


Klavis points out that dimethylaminoethy! chloride as well as diethylaminoethyl chloride are 
used in the synthesis of antihistaminics and various muscular relaxants. Although tissue changes 
had been known to be produced by direct contact with diethylaminoethyl chloride, there was no 
record of detrimental effects having been produced by dimethylaminoethyl chloride. When, 
however, 10 laboratory workers showed signs of irritation on the conjunctivae and on the nasal 
mucous membranes as well as visual disturbances, further investigations seemed necessary. An 
accident helped to clarify the causal connection. Protective goggles had unnoticed come in 
contact with dimethylaminoethyl chloride, and especially severe irritation and visual disturbances 
developed in the laboratory worker who wore these goggles. It was surprising that the catarrhal 
symptoms characteristic of diethylaminoethyl chloride were less prominent when there was 
exposure to dimethylaminoethyl chloride. The occasional catarrhs were slight and did not 
noticeably impair the physical performance ; however, there were complaints about photophobia, 
lacrimation, and, more rarely, slight respiratory disturbances. Reduction in the accommodative 
capacity with pupillary involvement deserves special mention, its severity, like that of the clinical 
course, being dependent on the concentration and length of exposure to the harmful agent. 
Ophthalmologic examination of these laboratory workers disclosed in all an excessive hyperopia 
which made all close work, particularly reading, very difficult. In one laboratory worker who 
had been exposed for a short time to a high concentration of dimethylaminoethyl chloride, 
complete ophthalmoplegia interna (with maximal dilatation of pupils and complete paralysis 
of accommodation) and rotatory nystagmus developed. Work had to be interrupted for two 
weeks, and during this time normal accommodative capacity was restored. 


DEMONSTRATION OF BENZIDINE (4,4-DIAMINOBIPHENYL) AND Its TRANSFORMATION 
Propucts IN THE URINE AND IN PARTS OF THE Bopy OrGANs. P. ENGELBERTZ and 
EK. Bape, Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:161 (Nov.) 1953. 


A new method for the reliable determination of benzidine (4,4'-diaminobiphenyl) and_ its 
transformation products in the urine and in parts of the body organs is described. This method 
is based on the following observations. Benzidine, after extraction from aqueous solutions or 
urine with pure m-cresol methyl ether at a certain pH with an aqueous solution of potassium 
1,2-naphthoquinone-4-sulfonate, is transformed to a rose-colored product which is soluble in 
pure m-cresol methyl ether and then can be determined photometrically. With this method the 
determination limit for benzidine is at 1: 3,000,000. The monoacetyl derivative of benzidine, 
extracted and transformed in the same way, forms a similarly colored reaction product which, 
however, is not soluble in pure m-cresol methyl ether but is easily soluble in pure pyridine in 
which it can be determined photometrically. The limit of its determination is at 1: 700,000. 
Thus, the separation of free benzidine and monoacetyl benzidine has become possible by their 
transformation products with potassium 1,2-naphthoquinone-4-sulfonate. 


The diacetyl derivative, extracted and transformed in the same way, does not react with 
potassium 1,2-naphthoquinone-4-sulfonate ; its portion results from a total saponification which 
is carried out in the urine. Thus, free benzidine, monoacetyl benzidine, and diacetyl benzidine 
can be determined in the presence of one another. 


The separation of benzidine, monoacetyl benzidine, and diacetyl benzidine from occasionally 
formed oxyamino and dioxydiamino compounds is carried out by selective extraction at pH 14. 
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The determination limit for 4'-amino-4-hydroxybiphenyl is at 1: 2,000,000 in pure m-cresol 
methyl ether and at 1: 100,000 for 4,4°-diamino-3,3’-dihydroxybiphenyl. 

This highly sensitive method was used for benzidine tests on animals and on workers of a 
benzidine plant. Results showed that benzidine, which has been taken up in free form by dogs 
and men, is excreted as mc@noacetyl benzidine and diacetyl benzidine. In rabbits, the presence 
of a transformation product, namely, 4’-amino-4-hydroxybiphenyl, could be demonstrated with 
certainty. The acetylation products of benzidine which are taken up by the body undergo 
a partial saponification to free benzidine and monoacetyl benzidine, and some of the authors’ 
experiments suggested that there may be individual differences in the capacity of acetylation 
of the taken up benzidine. 

The authors did not find with their new method the 4,4’-diamino-3,3’-dihydroxybiphenyl 
which Baker had observed as a transformation product of benzidine in the urine and with which 
he had produced carcinomas. 


The method made it possible to clarify clinical cases of poisoning due to aniline, 5-chloro- 
aniline, 2-toluidine, and 3,4-dichloroaniline. 


CLintcaL EXAMINATION OF ONE HuNDRED TEN WELDERS WITH MORE THAN Five YEARS’ 
Continvous WELDING Expertence. AXEL AnLMARK, Nord. hyg. tidskr. No. 11-12, 
pp. 238-249, 1953. 


An account is given of the results of a clinical examination of 110 welders who had for 
five years or longer been engaged in electrowelding. The majority of the welders declared that 
the work with “basic” electrodes often entailed a marked irritation in the throat and respiratory 
passages, which is ascribed to the effect of fluorides in the fumes (no resorptive fluoride effects 
have been shown to occur). With certain “neutral” electrodes, eye trouble was the chief com- 
plaint. Effects of lead, lead poisoning, and zinc “ague” had occurred in several cases. In one 
case poisoning with nitrous gases was observed. 

The only important objective findings that might be ascribed to the effect of welding fumes 
and gases have been the following : 

Spirometric examinations revealed in one case considerably heightened residual quotient 
and in six other cases somewhat increased values. 

The summarizing clinical assessment showed two cases with rather pronounced emphysema. 
In two other cases there were certain symptoms that might favor the assumption of a mild degree 
of emphysema. In one of these cases the person formerly had had lung empyema. All these 
workmen had been welding for 20 years or longer. The cases observed are considered to 
motivate further examinations of welders with specially prolonged working anamnesis. 

In 67 of the welders the examination showed impairment of hearing to a greater or less 
degree; this was connected with the fact that the majority of the workers examined were 
employed in mechanical workshops that are often very noisy. 


From tHE AuTHOR'S SUMMARY. 


FunGus INFECTION IN WorKERS Exposep TO PLANT Finer Dust. S. Tidsskr. 
norske legefor. 72:434, 1952. 


A mycologic investigation of the air and expectorations from workrooms and workers in 
hemp, jute, and cotton mills is described. There was a remarkable parallel between the number 
of fungus colonies and the percentage of expectorations containing Aspergillus. 


ARNE BruusGaarp, Oslo, Norway. 


Medicine and Surgery 


THERAPY IN E 605 (PARATHION) PotsoONING IN MAN. K. JAetTH, Deutsche med. Wehnschr. 
78 : 377-379 (March) 1953. 

Treatment for poisoning by this anticholinesterase compound has relied mainly on exhibition 
of atropine in high dosage. The paper describes the successful management of a severe case of 
E 605 (parathion; O, O-diethyl-O-p-nitrophenyl thiophosphate) poisoning without the use of 
atropine. The patient (22-year-old male) had drunk a liquor glass of “E 605 forte” in mistake 
for wine and was admitted to hospital in a moribund condition. Serum cholinesterase activity 
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was only 18.3% of normal. Treatment comprised thorough gastric lavage, administration of 
castor oil and of medicinal charcoal, followed by high enema; 500 ml. of blood were removed by 
venesection, and 1,000 ml. of saline infused. Two injections of 44 mg. of strophanthin were 
given, and lobeline, p-hydroxyphenylmethylaminoethanol tatrate (Sympatol), and pentylene- 
tetrazole (Cardiazol) were administered hourly. In addition there were given 5 ml. of Cardiazol 
intravenously and 400,000 units of depot penicillin (each three times), the last as a prophylactic 
against eventual development of hypostatic pneumonia. 


After this vigorous treatment, little alteration of the clinical picture occurred at first, but 
patellar reflexes could just be elicited after seven hours. Further circulatory stimulants were then 
administered. After 31 hours, the pupils were normal in size, and all reflexes elicitable. At 
this stage of recovery, much vomiting occurred, accompanied by severe and diffuse abdominal 
colic, but this cleared with a special diet rich in vitamins of the B group, dextrose and saline 
infusions, circulatory stimulants, and antibiotics. The patient was discharged after 21 days 
quite recovered. 


J. E. Kencu Hya.]. 


Environmental Conditions 


SuRVEY OF MANUFACTURING INDUSTRIES. HENRY B. KarpLus and GEeorGE L. 


Bonvacvet, Am. Indust. Hyg. A. Quart. 14:235-263 (Dec.) 1953. 


This is the first publication of substantial data on noise in various industries. Noise surveys, 
including octave-band analyses, are given for 40 plants in 36 industries. Statistical analyses 
of the data by sound-pressure levels, total loudness, and loudest band are presented for each 
of the industries. In addition an appendix, including all the actual measurements, is included. 


This contains about 600 measurements Cuarces R. WILLIAMs, Boston. 


RepucinGc InpustriAL Norse: GENERAL Principces. F. G. Tyzzer, Am. Indust. Hyg. 
A. Quart. 14:264-285 (Dec.) 1953. 


This article covers in part some of the ways in which noise is produced in industry and 
presents a rather detailed discussion of various approaches to methods of control of several kinds 
of industrial noises. It is an excellent, lucid discussion for the novice in the field of industrial 
noise control. 


R. Boston. 


Notse as A Factor 1N HeattH. CoLtonet Atvin F, MEYER Jr., Major 


Ropert L. PeTerson, and SEcoND LIEUTENANT HERBERT E. Bett, Amer. J. Pub. Health 
43:978 (Aug.) 1953. 


Loud noise is well established as a cause of deafness—temporary or permanent. Noise causes 
interference with sleep and rest, with certain recreational activities, such as listening to the 
radio and television, and with the enjoyment of music or private conversation. Some of the 
psychosomatic aspects of noise are properly correlated with the fear syndromes. The majority 
of normal persons have a wide adaptability to noise; problems of determining threshold limit 
values are thus made very difficult. 

The need exists for a standard terminology and reporting technique for use with the lay 
public. Speech interference level curves offer an excellent tool for the engineering evaluation 
problem and can be adapted in conjunction with the total loudness in sones in order to give 
levels of normal speech interference. 


A standard method of surveying can be adopted, which will simplify many of the problems. 


From THE AuTHORS’ SUMMARY. 


EVALUATION OF HEARING Loss IN Drop Force Workers. M. S. Fox, Laryngoscope 
63:960 (Oct.) 1953. 


During the years 1950 to 1952 Fox examined a large group of workers who had filed claims 
for alleged loss of hearing due to industrial noise exposure. His studies were made on 102 
employees, among whom were 64 drop-forge workers. These 64 men worked as hammermen, 
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scalers, furnace operators, or helpers in the forge shops, where intense noise arises chiefly from 
the impact noises of the drop-forge hammers and the steady noises from the burners and 
blowers. 

The 64 drop-forge workers who had filed claims for alleged loss of hearing resulting from 
their work had two or more examinations. Otologic, audiometric, and ear, nose, and throat 
studies were made. Medical consultation was requested as indicated. One of the subjects 
was found to be malingering, while another was found to have psychogenic deafness. The 
hearing loss in these two cases was not included in the following analysis. 

The hearing losses in 62 workers were proportional to the length of employment. The 
ability to hear conversational voice, on the average, followed the audiometric determined 
hearing losses, as computed on the American Medical Association formula. 


The diagnosis of industrial hearing loss in these cases was based upon the following criteria: 
(1) record of employment in areas of intense noise levels; (2) medical history; (3) objective 
findings. The previously described analytical studies indicated that intense noise levels were 
present in the forge plants. In reviewing the medical histories of these cases, it was found 
that there were no records pertaining to preemployment hearing or ear studies, despite the fact 
that most of the employees had been given routine preemployment physical examinations ; 
therefore, it became necessary to rely on the applicants for the history pertaining to past hearing 
impairment or ear disease. In a few instances, records from school or military service were 
obtained. The extent of hearing impairment claimed by the workers varied considerably. Some 
had trouble with only high-frequency sounds, like the ring of the telephone and doorbell or the 
ticking of their watches. Others complained of being able to hear but not clearly, while some 
had marked difficulty in hearing any speech. 


The hearing of each worker was examined several times in order to obtain accurate readings, 
but this study cannot tell the complete story of this type of hearing loss. It is apparent that 
there is a need for basic investigation in the forge plants and among the workers. The otologic 
and hearing status of the worker will have to be studied at the time he begins employment and 
should be followed through periodically. Functional relationships between the exposure factors 
and the hearing loss will have to be determined, as well as the effectiveness of methods used 
to reduce noise intensity. The medicolegal problems which confront the otologist indicate that 
the authorized scientific bodies now investigating the various aspects of industrial hearing loss 
will have to revise and modify presently used formulas and methods of evaluating functional 
hearing. 


SERIOUS VESTIBULAR DAMAGE IN CaIsson Disease. H. Cuossecros, L. Rocne, and L. 
Micron, Arch. mal. profess. 14:211-220, 1953. 


CLINICAL PROGREsS OF INJURY TO THE LABYRINTH OCCURRING TO WORKERS EMPLOYED IN 
Compressep Arr. R. Bertion, Arch. mal. profess. 14:221-224, 1953. 


CONTRIBUTION TO THE STUDY OF OSTEOARTHROPATHY IN CAISSON WORKERS: OBSERVATIONS 
MaApE oN Twenty Cases. J. BAILLARGE and P. Mérer, Arch. mal. profess. 14:225-229, 
1953. 


SIGNS AT THE ONSET OF OSTEOARTHRITIS Due To INJURY FROM AIR PRESSURE. 
Arch. mal. profess. 14: 230-232, 1953. 


J. Guivarp, 


OSTEOARTHROPATHIES Occur AMONG THOSE WorKING IN Compressed L. 
Rocne and G. Rayneau, Arch. mal. profess, 14:233-240, 1953. 


ELECTROCARDIOGRAPHIC CHANGES IN TUNNEL Drivers. 
14: 241-243, 1953. 


D. ZaNNiNti, Arch. mal. profess. 


DECOMPRESSION INCIDENTS AMONG MARINE DIVERS IN THE NEIGHBORHOOD OF MARSEILLES. 
G. JULLIEN and J. Bouveyron, Arch. mal. profess. 14:244-247, 1953. 
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Determination of Air-Borne Contaminants 


Continuous Oxipant Recorper. F. E. Lirrman and R. W. Benocier, Anal. Chem. 25:1481 
(Oct.) 1953. 


The unusually high concentration of an oxidant, which appears to be ozone, in smoggy 
Los Angeles air is one of the few distinguishing characteristics of the local atmosphere. In 
order to study the relationship between the occurrence of smog and the fluctuation of the 
oxidant concentration, a continuous recorder was built which produces a direct reading record 
of oxidant concentration in terms of ozone equivalents. The instrument consists essentially 
of a continuous air-liquid contacting device and a recording colorimeter. It is based on the 
liberation of iodine from a buffered, neutral potassium iodide solution by the oxidant. The 
light transmittance of the resulting yellow solution is measured by a double-cell colorimeter and 
continuously recorded on a strip chart. The contacting solution is regenerated by passing it 
through a bed of activated carbon and is reused. By maintaining constant air and liquid flows, 
it is possible to calibrate the instrument directly in terms of ozone equivalents in parts per 
hundred million by volume. Thus, a continuous, pen-drawn record of the fluctuation of the 
oxidant level can be obtained. Satisfactory performance for 18 months was achieved, and an 
excellent positive correlation was established between the oxidant and smog, as manifested by 


reduced visibility, eye irritation, and crop damage. a a 


Use OF MOLYBDATES FOR EstiMaTING AMOUNT OF OLEFINIC-TYPE HYDROCARBONS IN AIR. 
Rosert D. MacPuee, Analyt. Chem. 26:221-225 (Jan.) 1954. 


The estimation of micro quantities of olefinic hydrocarbons is important in studies of atmos- 
pheric pollution, as these hydrocarbons oxidize under proper conditions in the air, giving 
compounds that can cause crop damage, eye irritation, and reduced visibility. The gradual color 
change from yellow to green accompanying reduction of complex and simple molybdates in 
acid media has been used by others for measuring the amount of carbon monoxide in air. The 
same color change can be produced in molybdates by olefins and forms the basis for a method 
of measuring the approximate amount of Cs and heavier olefinic hydrocarbons in the air. The 
method employs inexpensive equipment and should find useful application in air-pollution work. 


New SAMPLING TECHNIQUE FOR SMALL AIRBORNE PARTICULATES: PARTICLE S1zE Dts- 
TRIBUTION BY COMBINED UsE OF LIGHT AND ELECTRON MICROSCOPES: INTERIM REPORT. 


James D. Witcox and W. R. Van Antwerp, Army Chemical Center, Chemical and 
Radiological Laboratories, Report CRLIR-70, Feb. 18, 1952. 


The sampling technique described permits a particle-size analysis of very heterogeneous 
samples, with particles ranging from 0.1 to 100 # The particulate matter is removed from the 
air and deposited directly onto an electron microscope specimen film. A_ five-stage cascade 
impactor is used to obtain a partially size-graded sample. The analysis is first made with the 
light microscope and then with the electron microscope. The number of particles in the complete 
sample is found by addition of the data from both microscopes. 


NUCLEAR Scr. ABST. 


METHOD OF RELATING THE INCIDENCE OF PNEUMOCONIOSIS TO AIRBORNE Dust Exposure. 
S. A. Roacu, Brit. J. Indust. Med. 10:220 (Oct.) 1953. 


This paper discusses the methods of interrelating information by x-ray examination, industrial 
histories, and dust sampling in surveys attempting to relate the incidence of pneumoconiosis to 
working conditions. 

Care is needed in all phases of such a study if the results are to have meaning. Variation 
may be due to actual differences in the susceptibility of the workers, but, on the other hand, 
errors in measurement either of exposure or of the stage of the disease will give a false picture. 

The author suggests the value of expressing the dust exposure as the product of concentration 
of dust of respirable particle size and time of exposure, as this may be expected to be related 
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to the amount of dust retained in the lungs. This may then be related to the incidence of pneu- 
moconiosis to give an exposure-response curve and gives a measure of the risk of developing 
pneumoconiosis for a given dust exposure. Examples of this are given. These curves may also 
be used for comparing different dusts. 

, Dust exposure may be reduced by dust suppression or by iimiting the period of exposure. 


B. H. Ampwr, Boston. 


NATURE OF THE VARIABILITY OF Dust CONCENTRATIONS AT THE COAL FAce. 
Brit. J. Indust. Med. 10:227 (Oct.) 1953. 


P. D. 


As long as short-term, intermittent sampling methods continue to be used for obtaining dust 
concentrations, the fluctuations of the dust count at various times must be considered if deductions 
about average dust conditions are to be safely drawn. The author gives some of the findings 
of the Pneumoconiosis Research Unit of the Medical Research Council regarding the nature and 

v magnitude of these fluctuations. The dust sample data used were obtained with a thermal 
precipitator. 

Variability was high but, in general, the range of concentrations is related to the average 
level and agrees quite well with the assumption of a lag normal distribution of concentrations 
with an almost constant proportional standard deviation, thus enabling the expected accuracy 
of estimating mean concentrations from numbers of samples to be predicted in advance. 

Automatic sampling instruments are considered essential, since they can sample inexpensively 
for sufficiently long to reduce sampling errors. 

Assuming that 90% of the dust concentrations during a shift should be less than 850 particles 
per milliliter, it is deduced that this limit corresponds to an average concentration of 500 to 600 


particles throughout the shift. B. H. Ampun, Boston. 


IMPORTANCE OF THE TIME FactToR IN THE MEASUREMENT OF Dust Exposure. B. M. 
Wricut, Brit. J. Indust. Med. 10:235 (Oct.) 1953. 


The author discusses pro and con two hypotheses of the relative importance of time and 
dust concentration in the production of pneumoconiosis. In the “peak” hypothesis, high con- 
centrations are considered to be disproportionately important. The “average” hypothesis con- 
tends that time and concentration are of equal importance. In the opinion of the author the 
“average” hypothesis is preferred. He discusses his reasons for this opinion and the effects 
of this conclusion on dust-sampling and dust-suppression practices. 

B. H. Ampwur, Boston, 


AIRBORNE Dust 1n Coat Mines: THE SAMPLING Prostem. W. M. Lona, Brit. J. Indust. 
Med. 10:241 (Oct.) 1953. 


The author discusses the things which should be considered in planning a program of routine 
dust-control measurements. Although at the moment the main emphasis is on research control, 
routine control will eventually predominate. The most satisfactory solution would be a scheme 
on the lines of the quality control systems of manufacturing industries. An automatic sampling 
instrument would be highly desirable, as the number of man-hours of highly trained personnel 
needed for the research instruments would tend to be impractical in routine use. The best 


location for sampling instruments, etc. is discussed. 
ping F B. H. Ampwur, Boston. 


MEASUREMENT OF SIZE AND CONCENTRATION OF AIRBORNE Dusts witH THE ELECTRON 
Microscope. J. Cartwricut and J. W. Skipmore, Ministry of Fuel and Power, Safety 
in Mines Research Establishment, Research Report 79, Sept., 1953. 


The techniques available for the evaluation of thermal-precipitator samples by electron 
microscopy and their sources of error are discussed. 


Discrepancies between electron- and optical-microscope assessments found with earlier 
methods were partly due to faulty methods of sampling for electron microscopy. A new method 
which overcomes most of these difficulties is described. It is possible by using this new method 
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to measure the size distribution and concentration of dust clouds in the range from 10 to 0.01 # 
with an optical and an electron microscope. There is good correlation between the results from 
both instruments in an overlap range of 0.23 to 3.6 u. 

Such, discrepancies as are found with the use of the modified technique are mainly due to 
the greater resolving power of the electron microscope. 

The electron-microscope assessments are considered to be sufficiently accurate for use as a 
standard against which optical errors of sizing can be judged 


FROM THE AUTHORS’ SUMMARY. 


Ventilating, Air Conditioning, and Engineering Control 


Some ExperiMeNtsS IN THE REMOVAL OF Toxic GASES FROM DiESEL ENGINE EXHAUSTS. 


P. G. TaiGer, Ministry of Fuel and Power, Safety in Mines Research Establishment, 
Research Report 48, Sept., 1952. 


Absorption of oxides of nitrogen in plain water baths under the conditions of temperature 
and rate of flow met with in practice is very low, and improvement by increasing the volume of 
the conditioner box to slow up the flow has obvious practical limitations. The use of a water- 
cooled exhaust manifold and pipe will lower the inlet temperature and will assist the absorption 
of the toxic gases, but low gas flow in relation to the scrubber size is also necessary for substan- 
tial absorption. With normal rates of flow and low inlet temperatures, absorption of some 
20% of oxides of nitrogen is possible with the use of permanganate of potash and potassium 
hydroxide, but the discovery of a cheaper and more suitable absorbent is awaited. 


The absorption of toxic gases by exhaust scrubbers is at the best only a second line of defense 
and one which unfortunately depends to a large measure on the human element for its efficient 


Absorption may prove unnecessary where the make of toxic gas is controlled at the 
source by the choice of a suitable engine. 


operation, 
From THE AutTior’s CONCLUSIONS, 


Automatic SELF-CLEANING FILTER. H. E. R. RAYNER, Month. Bull. Mine Ventilation Soc. 
South Africa 6: Aug., 1953. 


Design specifications and performance data are supplied for a_ self-cleaning bag filter 
developed by the author for cleaning dusty mine air. Flannel bags (30 in. [76 cm.] in diameter 
and 54 in. [137 cm.] long) are suspended within a conventional housing connected to an 
exhauster. Dusty air enters bags from a plenum chamber located beneath the bag compartment. 
Cleaning is accomplished by shutting off blower which permits bags to collapse and turn inside 
out as they fall into the dust bin below. A metal lattice guides the collapse of each bag. A 
special dampering system recirculates dusty air during the gradual reinflation of bags when 
collector is returned to service. Cleaning ordinarily occurs at end of work shift. Between 
cleaning periods pressure losses increase by 0.1 to 0.2 in. of water when filtration rates of 20 to 
30 c.f.m. per square foot of cloth are employed. Count efficiency data by thermal precipitator 
and konimeter samplings range from 85 to 95%. The author does not report weight loadings 


in his experimental data but shows count loadings of about 40 m.p.p.c.f. In conjunction with 


the small daily increases in bag pressure loss, it is estimated by the reviewer that collector inlet 
concentrations ranged from 0.2 to 2.0 mg. per cubic meter. 


RicHARD DENNIS, Boston. 


Legal Medicine 


MEDICOLEGAL Aspects OF INDUSTRIAL INJURIES. SAMUEL SHERMAN, Arch. Phys. Med. & 
Rehabil. 34:485 (Aug.) 1953. 


The importance of industrial injuries, with their related socioeconomic aspects, has been 
discussed. Historic origins of compensation legislation are described as well as some concepts 
of present legislation. It has been shown that medicolegal controversies, though complex, occur 
frequently in industrial injuries and that the physician involved must be thoroughly grounded 
in disability evaluation before rendering opinions. The physiatrist’s role is becomng increasingly 
important in medicolegal encounters. 


From THE AuTHOR’sS SUMMARY. 
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News and Comment 


ANNOUNCEMENTS 


Meeting of the Western Industrial Medical Association 


The Western Industrial Medical Association announces its coming annual meeting to be held 
all day Saturday, May 8, 1954, at the Biltmore Hotel, Los Angeles. 

All physicians, nurses, and other personnel interested in industrial medical problems are 
cordially invited to attend. A full day’s program will be confined to industrial medical, surgical, 
and administrative problems. 

The program will start at 9:CO a. m. and will consist of the following: 

Morning Session—First Part: Panel discussion on Industrial Cardiac Problem, with 
representatives from the field of cardiology, industrial medical directors, members of the Accident 
Commission, and others, with audience participation 

Second Part: Panel discussion on Industrial Back Problem, again with specialists in the 
field, representatives of administration, and others, with audience participation. 

Afternoon Session.—Panel discussion on Medical Administrative Problems in Unemployment 
Disability Insurance, with representatives from the various state agencies and groups, private 
and self-insurers, and others, with audience participation to follow. 

This should prove a well worth-while program for any physician or surgeon, be he general 
practitioner or specialist, who has only occasional or considerable contact with industrial medical 
cases and problems. 

A more detailed program will be available within the coming few weeks. Anyone interested 
is invited to write to Western Industrial Medical Association, Room 220, 740 S. Olive St. 
Los Angeles 14. There will be no registration fee. 


International Congress of Industrial Medicine 


The 11th International Congress of Industrial Medicine will be held in Naples, Italy, 
Sept. 13 to 19, 1954. The agenda include : 


Reports 


Radioactive Isotopes (Production, Application, and Preventive Measures in Their Utili- 
zation). Speakers: Katharine Williams, of the Harwell and Didoct Institute for Atomic 
Energy (England), and R. M. Taylor, of the Chalk River Institute of Atomic Energy, Ontario 
(Canada). 


Toxicology of Plastic Substances. Speakers: R. Lefaux, Technical Engineer of the 
French Navy, and R. H. Wilson, Manager of the B. F. Goodrich Chemical Company, Akron, 
Ohio (U.S.A.). 


Physiology of Work: I. Physiological Basis in the Organization of Work. Speaker: 
Prof. Gunther Lehman (Germany). II. Specific Work and Energy Requirements. Speaker : 
Prof. E. A. Miller (Germany). 


Insecticides: Toxicology and Hazards (Production and Use). Speakers: Dr. Prof. 
Domenjoz, Manager of the Institute of Pharmacology of the University of the Saar and Manager 
of the Pharmacological Laboratories of S. A. Geigy, Basel, Switzerland; Dr. F. Princi, Assistant 
Director of the Institute of Industrial Health, University of Cincinnati (U.S.A.), and Prof. W. 
Wirth (Germany). 
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INDUSTRIAL HYGIENE AND 


OCCUPATIONAL MEDICINE 


Lectures 
On the Problem of Benzene Substitutes. Lecturers: 


R. Fabre, Dean of the Faculty 
of Pharmacy of the University of Paris, and M. R. Truhaut, of the same Faculty. 


Occupational Hazards of Divers. [ecturer: J. C. Melissinos (Greece). 


Symposiums 
Industrial Medicine and Apprenticeship. Presiding: Prof. L. Christiaens (France). 


Absenteeism in Industry. Presiding: Prof. Sven Forssman (Sweden) and Prof. Enrico 
C. Vighiani (Italy). 

Preference will be given to those communications referring to the subjects treated in the 
above reports. The summaries of the communications, not over 100 words in original language, 


should be sent to the Secretary’s office before May 30, 1954. The fee is $15.00 for members 
and $8.00 for family. 


For further information, apply to Segreteria del Congresso, Instituto di Medicina del Lavoro, 
Policlinico, Piazza Miraglia, Napoli. 

For traveling and hotel accommodations in Naples, apply to Agenzia Cook, Via Nazario 
Sauro 26, Napoli. 


Industrial Hygiene Engineers Wanted.—The United States Public Health Service has 
been requested to recruit Industrial Hygiene Engineers for the Foreign Operations Administra- 
tion program in Central and South America. These programs are part of the Servicio operation 
initiated by the Institute of Inter-American Affairs. Minimum requirements for the positions 
are four or more years of practical experience in industrial hygiene with ability to organize 
programs and have sufficient technical knowledge to train personnel on the spot. 

Present openings are in Mexico and Brazil with additional openings in Costa Rica and 
Uruguay for the next fiscal year. Vacancies in other countries occur from time to time, and 
interested applicants will be kept advised. 

Salaries are very liberal and, in addition to a base pay, include a quarters allowance and, in 
certain countries, a differential. Assignments are for a minimum of two years’ duration, and 
candidates can either be given commissions in the Public Health Service or be employed directly 
by the Foreign Operations Administration. 

Detailed information can be obtained by writing the Surgeon General, U. S. Public Health 
Service, Division of International Health, Washington 25, D. C. Immediate replies will be 


appreciated, since the openings in Mexico and Brazil are urgent. 
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PFIZER LABORATORIES, 6 


Chas Phizer & Co. tne 


Fylly & Ahly 4 
known as an agent of cnoice jn the treatment 4 
of anfections caused by gram-positive ana gram~ 
negative pathogens» gpirochetes» rickettsiae» 
certain Large viruses and protozoa: 
«terramyci? appears to nave {al most yiaespread 
effective range-** 
4 
»terramycin aaminisvered orally was absorbed rapidly 
with the pearance of ant ipacter activity in the 4 
serum within nour of 
Ly bh Ve 
Many rapidly” with return of 
temperature to normal often noted within twenty” 
four 
' »terramycin is generally well 
Cowart Brand of ox | 


For those 


who are hesitating 


on the 


threshold of engagement 


or approaching marriage 


THOSE FIRST SEX QUESTIONS 


by Thurman B. Rice, M.D. 
How to acquaint the curious pre-adolescent with 
the delicate subject of reproduction in a truth- 
ful and wholesome manner. 
43 pages, 25 cents 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN : CHICAGO 10 


Enclosed find $........ for the pamphlet(s) checked at 
the side. 


NAME 


CITY. ZONE STATE. 


. +++. for elders concerned with the instruction of the young people 


THESE PAMPHLETS OFFER HELP IN THE CHALLENGE OF 
ADJUSTING TO THE SEXUAL SIDE OF LIFE 


() THE AGE OF ROMANCE, 25 CENTS 


(0 THOSE FIRST SEX QUESTIONS, 25 CENTS 


() A.M.A, PUBLICATIONS ABOUT YOUR HEALTH, FREE 


A COMPLETE CATALOGUE OF PUBLICATIONS ABOUT YOUR HEALTH WILL BE SENT TO YOU UPON REQUEST 


THE AGE OF ROMANCE 


by Thurman B. Rice, M.D. 

Training for a happy home life . . paths to un- 
popularity . . planning for parenthood . . the 
ideal honeymoon . . making a happy home. 

43 pages, 25 cents 


GETTING READY FOR MARRIED LIFE 


by Howard Dittrick, M.D. 

For the engaged person who has begun to 
seriously consider the responsibilities of mar- 
riage . . from personal problems to venereal 
diseases. 

28 pages, 20 cents 


THE WORD YOU CAN'T SAY 


by Hannah Lees 

Emotional and physical causes of masturbation 
in relation to family, friends, normalcy and 
worry. 

8 pages, 15 cents 


MORE HELP FOR THE CHILDLESS COUPLE 


by Joseph D. Wassersug 

Two case histories to help convey information 
on “new techniques,” organic and psychologic 
blocks to conception, and sterility. 

8 pages, 15 cents 


FACTS ABOUT SEX 
by Audrey McKeever 

Questions and answers about sex for the six, 
ten and thirteen year old. Complete with dia- 
grams of sexual organs and the birth of a baby. 
16 pages, 20 cents 


HOW LIFE GOES ON 


by Thurman B. Rice, M.D. 

To help teenage girls prepare for their careers 
of motherhood .. . progressing through dates, 
engagement and marriage. 

44 pages, 25 cents 


() GETTING READY FOR MARRIED Lire, 20 CENTS 
() THE WORD YOU CAN'T SAY, 15 CENTS 
() MORE HELP FOR THE CHILDLESS COUPLE, 18 CENTS 


() FACTS ABOUT SEX, 20 CENTS 


() HOw LIFE GOES ON, 25 CENTS 
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RESULTS COUNT !...:: Superficial Fungous 


Infections especialy DERMATOMYCOSIS PEDIS 


c 
ant ant! Ointment and powder of ZINCUNDECATE 
* Solution of UNDECYLENIC ACID 
Pharmaceutical Division Cures average case in one to three weeks 
Wel WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


(Athlete's Foot) 


PD-32 


“Doctor, will you tell me. . . 


What are the symptoms? 
How shall I treat it? 


What causes it? 


For practical information about communi- 
cable disease, have your patients read : 


SCARLET FEVER 

8 pages, 15 cents 
MEASLES 

by A. L. Hoyne, 8 pages, 15 cents 
WHOOPING COUGH 

by Constance Frick, 4 pages, 10 cents 
PNEUMONIA’'S WATERLOO? 

by William W. Bolton, 12 pages, 15 cents 


WE CAN PREVENT DIPHTHERIA 
by P. S. Rhoads, 8 pages, 15 cents 


AMERICAN MEDICAL ASSOCIATION + 535 NORTH DEARBORN - CHICAGO 10 


Of interest to you 


and your patients 


THE MENACE OF ALLERGIES 


HOUSE DUST ALLERGY 


by Karl D. Figley 
& pages, 15 cents 


ASTHMA, A PROBLEM IN PREVENTION 
by Alene S. and Robert P. Little 
12 pages, 15 cents 
WHAT WE KNOW ABOUT ALLERGY 
by Tutt 
12 pages, 15 cents 
PROTECTING YOUR CHILD FROM ALLERGY 
by William Gayle Roberts 
8 pages, 15 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN * CHICAGO 10 


INDUSTRIAL PHYSICIAN 


Large, well-known industrial firm needs 
Illinois licensed physician to assume man- 
agement of long established, modern and 
fully equipped medical department located 
in Chicago executive offices. Industrial | 
medical experience preferred, but not 
necessary. Registered nurses in attendance. 
Please write giving full particulars about 
your qualifications, experience and salary 


requirements. 
Box 6365 


A.M.A. Archives of Industrial 
Hygiene and Occupational Medicine 


Chicago, Illinois 
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* Precision built, optically accurate instru- 
ment designed for estimating the density 
of smoke in stack effluent. 


Because limitations imposed by smoke 
control laws are generally based on an 
established maximum permissible smoke 
density in stack effluent, a reliable method 
of estimation is essential to proper com- 
pliance. The M.S.A. Smokescope was 
designed to fill this need. 

In the Smokescope, a reference standard 
film disc receives light from the same 
source as does the smoke. This minimizes 

5 background differences because they affect 
the smoke and reference disc equally. 
Ambient light plays no part in the obser- 
vation. A lens, which projects disc image 
to a focal distance equivalent to that of 
smoke, permits comparison without chang- 

ing eye focus. 


* How it works—Smoke picture 
fills field of vision through aper- 
tures C, D, and G. Light from 
area adjacent to stack is transmit- 
ted through reference disc, H, in 
barrel, B, to surface of mirror, E. 
Image of reference disc projects 
through lens, F, to image mirror 

where it is compared with smoke 
seen through apertures. Center 
GLASS of reference disc is blocked by 


opaque disc, I 
DENSITY DISK 
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Write for complete details, 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service: 76 Branch Offices in the United States 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 


Toronto, Montreal, Calgary, Edmonton, Winnipeg, Vancouver, 
New Glasgow, N.S. « Representatives in Principal Cities 
in Mexico, Central and South America 


Cable Address: “MINSAF” Pittsburgh 


Call the M.S.A. man on your every safety problem . . . 
his job is to help you. 


the M-S-A SMOKESCOPE & 
~—LENS 
H 
SAFETY EQUIPMENT HEADQUARTERS : 


